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DESCRIPTION 



TEST CHAR T, GEOMETRIC PROPERTY ANALYZING SYSTEM, GEOMETRIC 
PROPERTY ANALYZING METHOD, PRINTER, AND INK-JET PRINTER 



Technical Field 

The present invention relates to: a test chart; a 
geometric property analysis system and a geometric property 
analysis method for analyzing geometric properties of at 
least one of a recording device, a recording medium, and an 
image pickup apparatus, using the test chart; and a printer 
and an ink jet printer having a function for analyzing the 
geometric properties using the geometric property analysis 
system and the geometric property analysis method. 

Background Art 

When an image which has been recorded in a digital 
format is recorded onto a recording medium such as a paper 
sheet and film, or conversely when an image Which has been 
recorded on a recording medium is picked up by an image 
pickup apparatus such as scanner or the like, the quality of 
those images are greatly affected by recording properties of 
the recording device, the medium properties of the recording 
medium, or the image pickup properties of the image pickup 
apparatus . 
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In particular, with the recording devices and the image 
pickup apparatuses employing plural recording units (e.g., 
heads) or plural image pickup units (e.g., CCDs) having a 
smaller area than the area of the recording area on the 
recording medium, recording of an image on a recording 
medium or image picking up is performed while relatively 
moving these units with respect to the recording medium, 
thus leading to a problem of the image quality by being 
greatly affected by geometric properties such as the 
positional relation between the plural recording units or 
between the plural image pickup units; the mechanical error 
during movement of these units; and so forth. 

For example, with a color ink jet printer serving as a 
recording device including plural heads corresponding to 
various color inks, even slight deviation of the head 
position leads to failure in super imposition of dots in 
various colors in printing, leading to color shift, 
resulting in markedly deterioration in printing quality. 

Accordingly, a technique as disclosed in Japanese 
Unexamined Patent Application Publication No. 10-278311 is 
known wherein a test pattern (chart) which allows the 
operator to easily detect color shift is printed, following 
which the operator checks the printed test pattern through 
visual monitoring and selects a pattern which exhibits the 
minimum color shift so as to estimate printing properties 



corresponding to the geometric properties of the printing 
device, thereby enabling image processing for correcting 
color shift described above. 

Also, a technique as disclosed in Japanese Unexamined 
Patent Application Publication No. 7-40531 is known wherein 
two recording heads having low resolution are arrayed and 
fixed one to another such that the nozzles thereof are 
positioned so as to complement one another, thereby 
achieving approximately two times resolution. With such an 
ink jet head assembly, the heads must be mounted while 
precisely measuring the positional relation therebetween. 
In conventional techniques, the positional relation between 
the heads is directly measured by mechanical measurement, or 
the dots or lines printed by these nozzles are measured 
through a microscope so as to obtain the positional relation 
between the heads. 

However, such a method wherein the operator checks the 
test chart for detecting deviation requires skill of the 
operator to a certain degree, and adjustment even by a 
skilled operator has the disadvantage of depending upon the 
intuition of the operator. 

Furthermore, mechanical measurement of the head 
positions described above requires a precise mechanism, 
leading to high costs of installation of the measurement 
device, and high costs of maintenance after installation 
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thereof, as well as high manufacturing costs due to the 
measurement , and leading to a problem of extra space for 
installation of the measurement device. 

Furthermore, even if the most precise positioning of 
the heads is performed, the positional relation between the 
nozzles does not exactly coincide with the positional 
relation between the dot impact positions in printing at all 
times . 

Furthermore, measurement of the dots or the lines 
through a microscope has the disadvantage of a narrow field 
of view of the endoscope, time consuming measurement, and a 
great deal of processing amount corresponding to the data 
amount taken by the measurement. In order to solve these 
problems, a relatively small number of the dots and lines 
should be measured. However, this leads to a new problem of 
deterioration in high-precision measurement due to 
substandard dot fixing, blot, irregularities in the dot 
impact position, or the like. 

The present invention has been made in order to solve 
the aforementioned problems, and accordingly, it is an 
object thereof to provide a test chart, a geometric property 
analysis system, a geometric property analysis method, a 
printer, an ink- jet printer, which allow the operator to 
perform high-precision analysis of geometric properties of 
at least one of a recording device, a recording medium, and 
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an image pickup apparatus, with a simple and precise 
procedure. 

Disclosure of Invention 

A test chart according to a first invention used for 
analyzing geometric properties regarding at least one of a 
recording device, a recording medium, and an image pickup 
apparatus, comprises: a recording medium having a recording 
face; and plural marks arrayed and recorded on the recording 
face of the recording medium based upon a predetermined 
geometric property format in a layout structure which allows 
measurement of a predetermined position of each mark through 
image processing, and at a pitch which allows discrimination 
between each mark and the other marks through image 
processing. 

With a test chart according to a second invention, the 
predetermined geometric property format according to the 
first invention is designed giving consideration to the 
geometric properties which are to be analyzed. 

With a test chart according to a third invention, the 
number of the marks regulated based upon the predetermined 
geometric property format according to the second invention 
is determined based upon the precision of the recording 
positions of the marks and the required precision of the 
geometric properties which are to be analyzed. 



With a test chart according to a fourth invention , the 
predetermined geometric property format according to the 
third invention is designed such that more marks are arrayed 
in the direction along which recording is made with low 
positional precision in a case wherein the recording 
positional precision is dependent upon the recording 
direction. 

With a test chart according to a fifth invention, the 
plural marks according to the first invention are arrayed on 
the recording face at the same intervals along at least one 
direction. 

With a test chart according to a sixth invention, the 
same number of marks according to the first invention are 
arrayed on the recording face along at least one direction. 

With a test chart according to a seventh invention, 
each mark according to the first invention is formed of a 
single dot, or plural dots arrayed adjacent one to another 
so as to form a predetermined shape. 

With a test chart according to an eighth invention, the 
test chart according to the first invention comprises plural 
chart components with each chart component formed of the 
plural marks recorded on the recording face of the recording 
medium according to the independent geometric property 
format. 

With a test chart according to a ninth invention, the 
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plural marks according to the eighth invention are recorded 
by plural recording means with each chart component being 
constituted by the corresponding recording means . 

With a test chart according to a tenth invention, the 
marks according to the eighth invention are recorded in a 
different form corresponding to the chart component. 

With a test chart according to an eleventh invention , 
the recording regions of the chart components arrayed one to 
another according to the eighth invention form therebetween 
at least one overlapped region on the recording face of the 
recording medium. 

With a test chart according to a twelfth invention, the 
recording regions of the chart components arrayed one to 
another which form therebetween at least one overlapped 
region according to the eleventh invention are formed of the 
marks in the same color. 

With a test chart according to a thirteenth invention, 
the recording regions of the chart components arrayed one to 
another which form therebetween at least one overlapped 
region according to the eleventh invention are formed of the 
marks in different colors. 

With a test chart according to a fourteenth invention, 
the same number of marks according to the eighth invention 
are recorded along a predetermined direction for each chart 
component, which allows analysis while canceling out 
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unintended deviation of the recording positions of the 
plural marks which are to be arrayed with uniformity along 
the direction orthogonal to the predetermined direction. 

With a test chart according to a fifteenth invention, 
the plural marks according to the first invention are 
arrayed with a predetermined average mark density so as to 
analyze the geometric properties without interference 
between the marks. 

With a test chart according to a sixteenth invention, 
the marks according to the fifteenth invention are recorded 
with the predetermined mark density of one mark recording 
per area where four marks can be recorded up to one mark 
recording per area where fifty marks can be recorded. 

With a test chart according to a seventeenth invention, 
the marks according to the fifteenth invention are recorded 
with the predetermined mark density of one mark recording 
per area where ten marks can be recorded up to one mark 
recording per area where twenty marks can be recorded. 

With a test chart according to an eighteenth invention, 
in a case that the susceptibility of the adjacent marks to 
interference therebetween exhibits directional dependence, 
the marks according to the first invention are arrayed at a 
smaller pitch along the direction orthogonal to the 
direction along which the adjacent marks exhibit maximum 
susceptibility to interference therebetween than the pitch 
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of the adjacent marks along the direction along which the 
adjacent marks exhibit the maximum susceptibility to 
interference therebetween. 

With a test chart according to a nineteenth invention, 
the plural marks according to the first invention are 
recorded based upon at least two kinds of the geometric 
property formats so as to analyze the geometric properties 
while preventing unintended interference between the marks. 

With a test chart according to a twentieth invention, 
the geometric property format according to the first 
invention is designed so as to analyze the geometric 
properties while preventing unintended interference between 
the marks. 

With a test chart according to a twenty-first invention, 
the test chart according to the first invention is used for 
detecting the marks with the test chart further including 
reference marks recorded in a different form from the 
aforementioned marks. 

With a test chart according to a twenty-second 
invention, at least three reference marks according to the 
twenty-first invention are provided so as not to be arrayed 
on a single line. 

With a test chart according to a twenty-third invention, 
the test chart according to the first invention is further 
comprises: a bar recorded with uniformity by plural dots in 
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the shape of a belt for detecting substandard printing by 
the recording means for recording the plural marks. 

A geometric property analyzing system according to a 
twenty-fourth invention for analyzing geometric properties 
regarding at least one of a recording device , a recording 
medium, and an image pickup apparatus, using the test chart 
according to the first invention, comprises: format storage 
means for storing the geometric property format; image 
pickup means for optically reading the test chart and 
creating a chart image; and analyzing means for determining 
at least one of a reference point and a unit vector for 
determining the predetermined positions of the respective 
plural marks in the chart image such that the difference 
becomes minimum between the predetermined positions of the 
plural marks in the chart image created by the image pickup 
means and the predetermined positions of the plural marks 
regulated based upon the geometric property format stored in 
the format storage means . 

With a geometric property analyzing system according to 
a twenty-fifth invention, the analyzing means according to 
the twenty-fourth invention calculates the center position 
of each mark as the aforementioned predetermined position, 
and determine at least one of the reference point and the 
unit vector in the chart image such that the sum of squares 
of the differences becomes minimum between the center 
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positions of the plural marks in the chart image and the 
center positions of the plural marks regulated based upon 
the aforementioned geometric property format. 

With a geometric property analyzing system according to 
a twenty-sixth invention , the analyzing means according to 
the twenty-fourth invention divides the test chart into 
plural chart components so as to perform analysis for each 
chart component . 

With a geometric property analyzing system according to 
a twenty-seventh invention, the number of marks included in 
the chart component according to the twenty-sixth invention 
is determined based upon the precision of detecting the 
position of the mark and the required precision of the 
geometric properties which are to be analyzed. 

With a geometric property analyzing system according to 
a twenty-eighth invention , the chart component according to 
the twenty-sixth invention is designed based upon the 
geometric properties which are to be analyzed and the 
required precision of the geometric properties. 

With a geometric property analyzing system according to 
a twenty-ninth invention, the analyzing means according to 
the twenty-fourth invention divides the test chart into 
plural chart components so as to perform relative comparison 
between the geometric properties of each chart component and 
the geometric properties of the other chart component 
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serving as a reference, thereby enabling analysis of the 
geometric properties of each chart component. 

With a geometric property analyzing system according to 
a thirtieth invention, the geometric property analyzing 
system according to the twenty-fourth invention further 
comprises at least one recording means for recording the 
plural marks on the recording face of the recording medium. 

With a geometric property analyzing system according to 
a thirty-first invention, the geometric property analyzing 
system according to the thirtieth invention includes the 
plural recording means, with the analyzing means dividing 
the plural marks into the chart components corresponding to 
the recording means for recording the marks, and determine 
at least one of the reference point and unit vector for each 
chart component thus divided. 

With a geometric property analyzing system according to 
a thirty-second invention, each of the plural recording 
means according to the thirty-first invention records the 
marks in different forms, with the analyzing means grouping 
the marks based upon the form thereof, and forming a chart 
component for each group. 

With a geometric property analyzing system according to 
a thirty-third invention, the geometric property format 
according to the thirtieth invention is reconstructed based 
upon the analysis results analyzed by the analyzing means so 
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as to perform recording on the recording face of the 
recording medium by the recording means . 

With a geometric property analyzing system according to 
a thirty-fourth invention, the geometric properties of the 
recording means according to the thirtieth invention are 
adjusted based upon the analysis results analyzed by the 
analyzing means. 

With a geometric property analyzing system according to 
a thirty-fifth invention, adjustment of the geometric 
properties of the recording means according to the thirty- 
fourth invention is made in order of skew adjustment density 
adjustment and timing adjustment. 

With a geometric property analyzing system according to 
a thirty-sixth invention, the geometric property analyzing 
system according to the thirtieth invention further 
comprises transporting means for transporting the recording 
medium relative to the recording means, with the image 
pickup means disposed on the downstream side of the 
recording means in the transporting direction determined by 
the transporting means, and formed of a line sensor for 
optically reading out the test chart formed of the plural 
marks recorded by the recording means. 

With a geometric property analyzing system according to 
a thirty-seventh invention, the recording means according to 
the thirtieth invention comprises an ink- jet head for 
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recording the plural marks on the recording medium by 
discharging ink. 

With a geometric property analyzing system according to 
a thirty-eighth invention, the image pickup means according 
to the thirtieth invention is formed such that image pickup 
resolution of the image pickup means is higher than the ; 
recording resolution of the recording means. 

With a geometric property analyzing system according to 
a thirty-ninth invention, the analyzing means according to 
the thirtieth invention is formed as a separate unit from 
the recording means and the image pickup means . 

With a geometric property analyzing system according to 
a fortieth invention, the format storage means according to 
the thirtieth invention is integrally held by the recording 
means, for storing the geometric property format suitable 
for the recording means which integrally holds the format 
storage means . 

With a geometric property analyzing system according to 
a forty-first invention, the transporting belt for 
relatively transporting the recording medium with respect to 
the image pickup means according to the twenty-fourth 
invention is used as another recording medium, with the belt 
face of the transporting belt serving as the recording face, 
and with plural marks recorded on the belt face so as to 
form a test chart on the belt face. 
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With a geometric property analyzing system according to 
a forty-second invention , plural openings formed on the belt 
face of the transporting belt serve as the plural marks 
according to the forty-first invention, with suctioning 
means being further provided for having the recording medium 
stuck to the belt face by air suctioning through the plural 
openings . 

With a geometric property analyzing system according to 
a forty-third invention, the geometric property format 
according to the twenty-fourth invention is designed giving 
consideration to the image size handled by the geometric 
property analyzing system. 

With a geometric property analyzing system according to 
a forty-fourth invention, the image pickup means according 
to the twenty-fourth invention analyzes the geometric 
properties based upon the geometric property format using a 
reference chart serving as a reference test chart in which 
the plural marks have been recorded with higher recording 
precision than the required analysis precision. 

With a geometric property analyzing system according to 
a forty-fifth invention, the geometric property analyzing 
system according to the forty-fourth invention further 
comprises at least one recording means for recording the 
plural marks on the recording face of the recording medium, 
with the geometric properties of the image pickup means 
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being analyzed prior to analysis of the geometric properties 
of the recording means, and with the reference chart 
recorded with higher recording precision than the recording 
precision of the recording means. 

A printer according to a forty-sixth invention employs 
the geometric property analyzing system according to the 
thirtieth invention. 

An ink- jet printer according to a forty-seventh 
invention employs the geometric property analyzing system 
according to the thirty-seventh invention. 

A geometric property analyzing method according to a 
forty-eighth invention for analyzing the geometric 
properties regarding at least one of a recording device, a 
recording medium, and an image pickup apparatus, using the 
test chart according to Claim 1, comprises: a format storing 
step for storing the geometric property format; an image 
picking-up step for optically reading out the test chart and 
creating a chart image; and an analyzing step for 
determining at least one of the reference point and the unit 
vector for determining the predetermined positions of the 
plural marks in the chart image such that the difference 
becomes minimum between the predetermined positions of the 
plural marks in the chart image formed in the image picking- 
up step and the predetermined positions of the plural marks 
regulated based upon the geometric property format stored in 
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the format storing step. 

With a geometric property analyzing method according to 
a forty-ninth invention, the plural marks according to the 
forty-eighth invention are recorded based upon at least two 
kinds of the geometric property formats by which 
interference which can be occurred between the marks during 
analysis of the geometric properties can be prevented in 
advance. 

With a geometric property analyzing method according to 
a fiftieth invention, in the analyzing step according to the 
forty-eighth invention, the aforementioned test chart is 
divided into plural chart components, and relative 
comparison is made between the geometric properties of each 
chart component and the geometric properties of the chart 
component serving as a reference, thereby enabling analysis 
of the geometric properties of each chart component. 

With a geometric property analyzing method according to 
a fifty-first invention, the geometric property analyzing 
method according to the forty-eighth invention further 
includes a recording step wherein at least one recording 
means records the plural marks on the recording face of the 
recording medium. 

With a geometric property analyzing method according to 
a fifty-second invention, the geometric properties of the 
recording means according to the fifty-first invention are 
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adjusted based upon the analysis results obtained in the 
aforementioned analyzing step. 

With a geometric property analyzing method according to 
a fifty-third invention, adjustment of the geometric 
properties of the recording means according to the fifty- 
second invention is made in order of: skew adjustment; 
density adjustment; and timing adjustment. 

A printer according to the fifty-fourth invention has a 
function for analyzing the geometric properties using the 
geometric property analyzing method according to the forty- 
eighth invention. 

An ink-jet printer according to the fifty-fifth 
invention has a function for analyzing the geometric 
properties using the geometric property analyzing method 
according to the forty-eighth invention. 

Brief Description of the Drawings 

Fig. 1 is a diagram which shows chart data formed of 
marks arrayed in the one-dimensional direct ion , regarding a 
mechanism according to embodiments of the present invention. 

Fig. 2 is a diagram which shows the positional relation 
between: a reference point and a unit vector; and each mark, 
in a chart image obtained by scanning a test chart, 
regarding the mechanism according to the embodiment. 

Fig. 3 is a diagram which shows a recording medium on 
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which plural mark groups are formed, regarding the mechanism 
according to the embodiment. 

Fig. 4 is a diagram which shows the positional relation 
between: a reference point and unit vectors; and each mark, 
in a chart image obtained by scanning a test chart formed of 
marks two-dimensionally arrayed, regarding the mechanism 
according to the embodiment. 

Fig. 5 is a diagram for describing the terminological 
relation between the components with regard to the geometric 
property format and the chart, regarding the mechanism 
according to the first embodiment. 

Fig. 6 is a block diagram which shows a configuration 
of a geometric property analyzing system according to a 
first embodiment of the present invention. 

Fig. 7 is a diagram which shows a specific 
configuration of a printing unit according to the first 
embodiment . 

Fig. 8 is a diagram which shows the recording unit and 
chart data recorded by the printing unit according to the 
first embodiment. 

Fig. 9 is a diagram which shows an arrangement wherein 
the marks are grouped into chart components each of which is 
recorded by the corresponding head according to the first 
embodiment. 

Fig. 10 is a diagram which shows an example of 
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arrangement wherein the marks of the plural chart components 
are recorded on each line orthogonal to the transporting 
direction for analyzing the geometric properties without 
effect by transporting irregularities and the like according 
to the first embodiment. 

Fig. 11 is a diagram which shows an example of 
arrangement designed such that the recording regions of the 
chart components are arrayed without overlapped regions 
according to the first embodiment. 

Fig. 12 is a diagram which shows an example of 
arrangement wherein the number of the marks included in the 
chart component is designed so as to satisfy the required 
precision according to the first embodiment. 

Fig. 13 is a diagram which shows an example of 
arrangement wherein the chart component shown in Fig. 12 is 
designed with high density in the recording-medium 
transporting direction. 

Fig. 14 is a diagram which shows an example of 
arrangement wherein the geometric property format is 
designed giving consideration to the directional dependence 
of irregularities in the mark-recording position according 
to the first embodiment. 

Fig. 15 is a diagram which shows an example of 
arrangement wherein two head units each of which is formed 
of the two heads fixed one to another are arrayed in the 



- 21 - 



recording-medium transporting direction for recording marks 
according to the first embodiment. 

Fig. 16 is a diagram for describing: relative 
positional irregularities between the heads of the single 
head unit; and relative positional irregularities between 
the heads of the different head units according to the first 
embodiment . 

Fig. 17 is a diagram which shows a layout designed such 
that the marks positioned with relative irregularities are 
arrayed without interference therebetween under the 
conditions shown in Fig. 16. 

Fig. 18 is a diagram which shows an example of 
arrangement wherein the marks recorded by each single head 
are continuously arrayed in the line direction for improving 
recording density according to the first embodiment. 

Fig. 19 is a diagram which shows an example of 
arrangement wherein plural small charts are grouped into the 
chart components according to the first embodiment. 

Fig. 20 is a diagram which shows an example of 
arrangement wherein reference marks are arrayed in the chart 
according to the first embodiment. 

Fig. 21 is a diagram for describing rough calculation 
of the position of the mark based upon the positions of the 
reference marks according to the first embodiment. 

Fig. 22 is a diagram for describing rough calculation 
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of the position of the mark based upon the positions of the 
reference marks arrayed for each head according to the first 
embodiment . 

Fig. 23 is a diagram which shows an example of 
arrangement wherein a bar is arrayed in the chart according 
to the first embodiment. 

Fig. 24 is a diagram which shows a mask applied to dots 
for calculating the center of gravity according to the first 
embodiment. 

Fig. 25 is a diagram which shows an example of 
arrangement wherein the mask is designed with a small size 
corresponding to the mark position which has been estimated 
with relatively high precision according to the first 
embodiment . 

Fig. 26 is a diagram which shows an example of 
arrangement wherein the mask is designed with a relatively 
large size corresponding to the mark position which has been 
estimated with relatively great estimation error according 
to the first embodiment. 

Fig. 27 is a diagram which shows the brightness level 
and the coordinate point in the mask for calculating the 
center of gravity of the mark according to the first 
embodiment . 

Fig. 28 is a diagram which shows the most likely 
reference point and two unit vectors calculated for each 



group according to the first embodiment. 

Fig. 29 is a diagram which shows an example of the 
reference points and the unit vectors calculated for each 
group, which are used for analyzing the geometric properties 
according to the first embodiment. 

Fig. 30 is a diagram which shows a recording medium on 
which plural mark groups each of which is formed of 
different head groups are formed, according to the first 
embodiment . 

Fig. 31 is a diagram which shows distribution examples 
of the reference positions and the unit vectors obtained as 
the analysis results regarding the plural heads according to 
the first embodiment. 

Fig. 32 is a diagram which shows a modification of the 
chart data according to the first embodiment. 

Fig. 33 is a diagram which shows the positional 
relation between the heads and image pickup unit arrayed 
along the recording-medium transporting direction according 
to a second embodiment of the present invention. 

Fig. 34 is a block diagram which shows a configuration 
of a geometric property analyzing system according to the 
second embodiment. 

Fig. 35 is a diagram which shows an example of chart 
data according to the second embodiment. 

Fig. 36 is a diagram which shows various kinds of marks 
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each of which is formed of one or more dots according to the 
second embodiment. 

Fig. 37 is a diagram which shows an example of a test 
chart wherein the marks are recorded in different shapes for 
each group on a recording medium according to a third 
embodiment of the present invention. 

Fig. 38 is a perspective view which shows a part of a 
configuration of a geometric property analyzing system 
according to a fourth embodiment of the present invention. 

Fig. 3 9 is a perspective view which shows an example of 
arrangement wherein the geometric property analyzing system 
according to a fifth embodiment of the present invention is 
applied to a recording device having a function for printing 
an image in four colors of K, C, M, and Y. 

Fig. 40 is a diagram which show the positional relation 
between heads with the black (K) head and the cyan (C) head 
as an example according to the fifth embodiment. 

Fig. 41 is a diagram which shows a model of the chart 
components recorded by the head units K0 and CO according to 
the fifth embodiment. 

Fig. 42 is a diagram which shows the rough shapes KRO 
and CRO of the chart components KGO and CGO shown in Fig. 41 

Fig. 43 is a diagram which shows a model of the chart 
components recorded by the head units Kl and CI according to 
the fifth embodiment. 
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Fig. 44 is a diagram which shows a test chart obtained 
by printing the chart data based upon the geometric property 
format as shown in Fig. 43. 

Fig. 45 is a diagram which shows an overall structure 
of the test chart wherein the chart components recorded by 
the head units adjacent one to another in the nozzle-array 
direction are arrayed so as to mesh with each other 
according to the fifth embodiment. 

Fig. 46 is a plan view which shows an example of a 
geometric adjusting mechanism for adjusting the head 
according to the fifth embodiment. 

Fig. 4 7 is a side view which shows a partial cross- 
sectional configuration of the head geometric adjusting 
mechanism according to the fifth embodiment. 

Fig. 4 8 is a diagram for describing the dot pitch in a 
case wherein the head unit has a certain skew angle, which 
has a configuration wherein two heads are fixed one to 
another with displacement of the half phase of the array 
pitch of the nozzles according to the fifth embodiment. 

Fig. 49 is a diagram which shows comparison between 
cases wherein printing is made by the head unit having a 
configuration wherein two heads are fixed one to another 
with phase displacement of half the nozzle-array pitch with 
and without the skew angle according to the fifth embodiment. 



Best Mode for Carrying Out the Invention 

Before detailed description of embodiments , description 
will be made regarding a mechanism used in the embodiments 
described later, i.e., means for analyzing geometric 
property (deviation) by fitting a predetermined geometric 
property format to the chart image obtained by picking up a 
test chart created based upon the geometric property format. 

First, description will be made regarding an example 
wherein plural marks are arrayed in the one-dimensional 
direction, with reference to Fig. 1 through Fig. 3. Fig. 1 
is a diagram which shows chart data formed of plural marks 
arrayed in the one-dimensional direction, Fig. 2 is a 
diagram which shows the positional relation between: the 
reference point and the unit vector; and each mark, in a 
chart image of the test chart obtained through image pickup, 
and Fig. 3 is a diagram which shows a recording medium on 
which plural mark groups are formed. 

The position Pi of the i-numbered mark of the plural 
individual marks is represented by the following Expression 
1 using the reference point (position vector thereof) M and 
the unit vector U. 

[Expression 1 ] 



P t =M + hp 
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Chart data formed of image data is formed as shown in 
Fig. 1 based upon the geometric property format represented 
by the Expression 1. 

Here, hi represents a scalar defined in the real-number 
space with the discrete number i as a parameter, and in 
particular, Fig. 1 shows a case wherein hi equals to i, i.e., 
a case wherein the marks are arrayed at the same interval on 
the chart data. 

The chart data is recorded on a recording medium using 
a recording device, whereby a test chart is formed. 
Furthermore, the image of test chart is picked up with an 
image pickup apparatus, whereby the chart image is obtained 
as shown in Fig. 2, for example. Deviation of the chart 
image occurs from the original chart data due to the 
geometric properties of the recording device, the geometric 
properties of the recording medium, and the geometric 
properties of the image pickup apparatus. 

Accordingly, as shown in Fig. 2, the initial reference 
point M(hat) (m(hat)x, m(hat)y) (the reference symbol " yv " 
over another reference character will be referred to as 
"hat" hereafter, and each suffix is denoted by a lowercase 
letter) and the initial unit vector U(hat) (u(hat)x, 
u(hat)y), are determined. In this case, the position 
P(hat)i of the i-numbered mark (mark i) is obtained using 
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the initial reference point M(hat) and the initial unit 
vector U(hat) based upon the geometric property format, and 
is represented by the following Expression 2. 

[Expression 2] 



% =M + hU 



Here, with the position vector of a predetermined 
position, particularly in this case, the center position, of 
the i-numbered mark obtained (measured) from the chart image 
as Ri(xi, yi), the error ei of the i-numbered mark obtained 
based upon the geometric property format from the measured 
position is represented by the following Expression 3. 

[Expression 3] 



P: ~R: 



Accordingly, the sum of squares of the error E in each 
mark is represented by the following Expression (4). 
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[Expression 4] 

ill 

= J t {(m i +h i u x -x i ) 2 +(m y +h i u y -y i ) 2 } 

i 

Here, in order to obtain the minimum E, the pair of the 
M(hat) and the U(hat) is obtained so as to satisfy the 
following Expression 5. 



[Expression 5] 



BE ' BE „ BE BE „ 

= 0, — - = 0, —- = 0, — = 0 



Bm x Bu r dm x> Bu„ 

As described above, E is a quadratic function of M(hat) 
and U(hat), and accordingly , with the total number of the 
marks as N (in this case, the Expression 6 holds), the 
following Expression 7 through Expression 10 are obtained. 

[Expression 6] 
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[Expression 7] 



[Expression 8] 



[Expression 9] 



[Expression 10 ] 



dm x Y 

M"* +"*2 A ' = 2*« 



^-22(^+^-^-0 

du x r 

*.2^ +fi -2^-2*A 



2* -2* 



^-2 2 K +M,-*k-o 
*,2* + *'2tf-2** 



Here, the above Expression 7 through Expression 10 are 
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represented by the following Expression 12 using Expression 
11. 



[Expression 11] 



[Expression 12] 



AP X -NQ X A AQ X -BP X 



A -JVB " A 2 -NB 

u„ = — * /w = 



y A 2 -NB ' * A 2 -i\» 

Thus, the M(hat) and the U(hat) are calculated using 
the Expression 12 as the most likely reference point and 
unit vector in the measured chart image. 

Multiple mark groups 2 are arrayed on a recording 
medium 1 for obtaining the most likely reference point and 
unit vector as shown in Fig. 3, whereby the most likely 
reference point and unit vector are obtained for each mark 
group 2 in the chart image corresponding to the layout 
thereof. The geometric properties of the recording device, 
the recording medium, or the image pickup apparatus, can be 
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analyzed based upon the positional relation between plural 
pairs of the most likely reference points and unit vectors. 

Note that the reference point and the unit vector can 
be determined to be a desired point and a desired vector in 
the geometric property format (note that hi must be 
determined corresponding to settings of the reference point 
and the unit vector). Accordingly , the operator can set A = 
0, i.e., can determine the reference point and the unit 
vector such that the initial reference point M(hat) is 
positioned at the center of gravity of the mark group. In 
this case, the Expression 12 is simplified as represented by 
the following Expression 13 . 

[Expression 13] 



Here, (\ix, \xy) is the simple average of the measured 
center positions of the marks in a mark group, whereby the 
most likely reference point is the tentative reference point 
M(hat) which is equal to the average. Note that specific 
examples of the mark position group which satisfy the 
condition A = 0 include an arrangement wherein the marks are 
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point-symmetrically arrayed in a mark group, and the 
tentative reference point is determined to be the center of 
symmetry, for example. 

Next, description will be made regarding a two- 
dimensionally extended arrangement based upon the mechanism 
described above with reference to Fig. 4. Fig. 4 is a 
diagram for describing the relation between: the reference 
point and the unit vectors; and the marks, in a picked-up 
chart image of a test chart wherein the marks are two- 
dimensionally arrayed. 

In the same way as with the one-dimensional arrangement 
described above, in plural individual marks, the mark 
position Pij which is the i-numbered position in the U 
direction and the j -numbered position in the V direction 
(which will be simply referred to as M ij-numbered position" 
hereafter) is represented by the following Expression 14 
using the reference point (position vector thereof) M and 
the unit vectors U and V independent each other. 

[Expression 14] 

Then, chart data is formed of the image data based upon the 
geometric property format represented by Expression 14. 
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Here, fi and gj represent scalars defined in the real- 
number space with discrete numbers i and j as the parameters 
thereof, respectively. 

The chart data is recorded on a recording medium using 
a recording device, whereby a test chart is formed. 
Furthermore, a chart image of the test chart is picked up by 
an image pickup apparatus. Then, the arrangement sets: the 
initial reference point M(hat) (m(hat)x, m(hat)y); and the 
initial unit vectors U(hat ) (u(hat )x, u(hat)y) and 
V(hat ) (v(hat)x, v(hat)y), on the chart image. Then, the 
position P( hat) ij which is the position of the ij-numbered 
mark (mark ij) is obtained based upon the geometric property 
format using the initial reference point M(hat) and the 
initial unit vectors U(hat) and V(hat). Thus, the position 
P(hat)ij is represented by the following Expression 15. 

[Expression 15] 

P ij =M + f i U + gj V 

With a predetermined position, particularly in this 
case, the center position, of the ij-numbered mark obtained 
(measured) from the chart image as Rij (xi j , yij ) , the error 
eij of the ij-numbered mark obtained based upon the 
geometric property format from the measured position is 
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represented by the following Expression 16. 



[Expression 16] 



Accordingly, the sum of squares of the error E in each 
mark is represented by the following Expression 17. 

[Expression 17] 



In the same way as with the one-dimensional arrangement 
described above, in order to obtain the minimum E, the set 
of the M(hat), the U(hat) and the V(hat) is obtained so as 
to satisfy the following Expression 18. 

[Expression 18] 



e - 24 - sin- -*,f - s(* + ffi + sy-«*Y 



dE 




dE 



dE 



dE 



dE 



dE 



dm x 



dm y 




= 0 



In substantially the same way as with the one- 
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dimensional arrangement, with the total number of the marks 
in the two-dimensional arrangement as N (in this case, the 
Expression 19 holds), the following Expression 20 is 
obtained. 

[Expression 19] 




[Expression 20] 





2 s A + 2 f&A + 2 g2 A - 2 8 * x * 

y y y y 




y y y y 



Expression 20 can be represented by the following 



Expression 21 which is a matrix expression. 
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[Expression 21] 
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The set of M(hat), U(hat), and V(hat) / which satisfies 
the above matrix expression, can be calculated using the 
Cramer's formula. In practicality , the set of M(hat), 
U(hat) / and V(hat), is computed using a computer or the like. 

Next, description will be made regarding the 
terminological relation between the components with regard 
to the geometric property format and the chart used here, 
with reference to Fig. 5. Fig. 5 is a diagram for 
describing the terminological relation between the 
components with regard to the geometric property format and 
the chart. 

First, each mark is formed of a single dot or plural 
dots arrayed adjacent one to another. The position of the 
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mark in the layout (positional relation thereof) is 
regulated by the geometric property format, and the marks 
thus arrayed are independent each other. The marks thus 
arrayed will be denoted by reference symbols including "M" 
(e.g., MO-0, MO-1, and so forth)/ as appropriate. 

On the other hand, the geometric property format (which 
is also abbreviated to "format") is used as a layout rule 
(rule for determining the positional relation) for recording 
or reading the marks . The recording format is not 
completely same with the reading format in all cases, but in 
many cases, the reading format is a part of the recording 
format. The geometric property format will be denoted by 
reference symbols including "F" (e.g., FO, Fl, and so forth) 
hereafter, as appropriate. 

The chart data is image data created based upon the 
geometric property format. 

The test chart is recorded (printed) on a recording 
medium such as a paper sheet, a film, or the like f based 
upon the aforementioned chart data, using a recording device 

The chart image is image data of the test chart picked 
up by an image pickup apparatus . 

A chart component is a group of the plural marks 
grouped based upon the reading format, and is also referred 
to as "mark group". In practicality, in many cases, the 
chart is divided into the plural chart components so as to 
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be analyzed. The chart component will be denoted by 
reference character including "G" (e.g., GO-0, GO-1, and so 
forth) hereafter , as appropriate. 

The region used here represents a single region with a 
certain area occupied by the chart (or chart component). In 
other words, the region used here represents a region 
surrounded by lines connecting the marks positioned on the 
perimeter. The region will be denoted by reference 
character including "R" (e.g., RO-0, RO-1, and so forth) 
hereafter, as appropriate. 

Then, a predetermined position, in particular, the 
center position of each mark is analyzed, whereby the data 
of each center position is calculated with regard to the 
mark group. 

Then, the center-position data is compared to the 
geometric property format so as to calculate the most likely 
reference point and the unit vectors, whereby the geometric 
property is obtained. 

Description will be made below in detail regarding a 
specific arrangement according to an embodiment of the 
present invention with reference to the drawings. 

Fig. 6 through Fig. 32 show a first embodiment 
according to the present invention, wherein Fig. 6 is a 
block diagram which shows a configuration of a geometric 
property analyzing system. 
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The geometric property analyzing system according to 
the present embodiment comprises: a personal computer (PC) 5 
serving as an analyzing device; a printer 6 serving as a 
recording device; a scanner 7 serving as an image pickup 
apparatus, as shown in Fig, 6. 

The PC 5 comprises: a format storage unit 9 serving as 
format storage means for storing the geometric property 
format; a chart data creation/storage unit 8 including a 
chart data creating unit 10 for creating chart data (printed 
data) which is image data based upon the geometric property 
format read out from the format storage unit 9; a mark 
center calculating unit 12 for calculating the center 
position of each mark based upon the chart image output from 
an image pickup unit 17 described later; an analyzing unit 
11 serving as analyzing means including a fitting unit 13 
for analyzing the geometric properties by calculating the 
most likely reference point and unit vectors through 
comparison between the center positions of the marks of the 
mark group calculated by the mark center calculating unit 12 
and the geometric property format read out from the format 
storage unit 9; and a display unit 14 for displaying the 
analysis results analyzed by the analyzing unit 11. 

On the other hand, the printer 6 comprises: a data 
storage unit 15 for storing the chart data (data which is to 
be printed) output from the chart data creating unit 10; and 
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a printing unit 16 having a function for reading chart data 
from the data storage unit 15 and recording (printing) the 
chart data on a recording medium such as a paper sheet , film, 
or the like, whereby a test chart is created • 

On the other hand, the scanner 7 comprises the image 
pickup unit 17 serving as image pickup means for creating a 
chart image which is the picked-up image data of a test 
chart on a printing medium formed by the printing unit 16. 

Now, Fig. 7 is a diagram which shows a specific 
configuration of the printing unit 16. 

The printing unit 16 has a configuration wherein two 
ink- jet heads each of which includes nozzles cyclically 
arrayed in the line direction are arrayed such that the 
printing width substantially overlaps one another with the 
phase difference therebetween of half the pitch of the 
nozzle array so as to realize two times resolution of each 
single head. 

That is to say, the printing unit 16 comprises a head 
assembly having a configuration wherein two ink-jet heads 20 
and 21 serving as recording means each of which has plural 
nozzles 22 arrayed at a pitch of P0 corresponding to the 
resolution of 150 DPI, for example, are securely fixed with 
phase difference therebetween of half the pitch of the array 
of each single head, i.e., with displacement therebetween of 
PI (approximately 84.7 \tm) for realizing the resolution of 
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300 DPI, as shown in Fig. 7. 

First, description will be made regarding an analysis 
method for analyzing the geometric property with regard to 
the ink-jet heads 20 and 21 forming the printing unit 16 
having such a configuration. Here, examples of the 
geometric properties which are to be analyzed include: 
relation between the relative positions of the heads (the 
positions of the grouped nozzle groups); transporting 
vector; nozzle-to-nozzle vector; deviation thereof 
(deviation of relative position, irregularities in 
transporting, and distortion of the head), and so forth. 

Fig. 8 is a diagram which shows the printing unit 16 
and the chart data recorded by the printing unit 16. 

In an example shown in Fig. 8, a single mark is formed 
of a single dot of ink discharged from the single nozzle 22 
serving as recording means . 

Each of the dots recorded by the nozzles 22 arrayed on 
the head 20 is positioned at an even-numbered point in the 
line direction. These dots are recorded according to the 
geometric property format (F0) of the chart component so as 
to be arrayed at intervals of 10 dots in a single line 
direction orthogonal to the transporting direction of a 
recording medium. This recording is made with displacement 
of two dots to the right every five-dot advance of the 
recording medium in the transporting direction up to twenty 



- 43 - 



times. Let us say that the mark position is represented by 
(the point in the line direction, the point in the 
transporting direction of the recording medium). In this 
case, the head 2 0 records the dots such that the first 
nozzle records a dot at (0, 0), the second nozzle records a 
dot at (2, 5), the third nozzle records a dot at (4, 10), 
the fourth nozzle records a dot at (6, 15), the fifth nozzle 
records a dot at (8, 20), the sixth nozzle records a dot at 
(10, 0), the seventh nozzle records a dot at (12, 5), and so 
on in the same way. 

On the other hand, each of the dots recorded by the 
nozzles 22 arrayed on the head 21 is positioned at an odd- 
numbered point in the line direction. These dots are 
recorded according to the geometric property format (Fl) 
such that the chart component recorded by the head 20 
according to the geometric property format (F0) described 
above is arrayed with displacement by five dots to the right. 
That is to say, the head 21 records the dots such that the 
first nozzle records a dot at (1, 15), the second nozzle 
records a dot at (3, 20), the third nozzle records a dot at 
(5, 0), the fourth nozzle records a dot at (7, 5), the fifth 
nozzle records a dot at (9, 10), the sixth nozzle records a 
dot at (11, 15), the seventh nozzle records a dot at (13, 
20), and so on in the same way. 

The dots thus recorded are positioned away one from 
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another at predetermined intervals in both the line 
direction and the recording-medium transporting direction. 
As described above, the dots are arrayed away one from 
another , thereby preventing interference between the dots 
adjacent one to another due to blotting of ink dot in 
recording , optical blurring or phase deviation in picking up 
an image with the scanner 7, irregularities in transporting 
or head positioning during recording , and thereby 
maintaining independence thereof. 

In order to analyze the picked-up chart image of a test 
chart printed according to such chart data, the chart image 
is divided into chart components with a small region for 
each of the heads 2 0 and 21 which are different recording 
systems, or furthermore, for each small region in the heads 
20 and 21. The geometric properties are obtained for each 
chart component with a small region thus grouped, thereby 
obtaining precise geometric properties for each chart 
component. 

Specifically, as shown in Fig. 8(A), the dots recorded 
according to the geometric property format F0 are grouped 
into a group G0-0, G0-1, GO-2, and so on in the same way, 
every twenty dots. In the same way, the dots recorded 
according to the geometric property format Fl are grouped 
into a group Gl-0, Gl-1, Gl-2, and so on in the same way, 
every twenty dots. Then, as shown in Fig. 8(B) and Fig. 
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8(C) , the geometric properties are analyzed for each region 
of the heads 20 and 21, i.e., for each region of regions R0- 
0, R0-1, RO-2, and so on, including the groups G0-0, GO-1, 
GO-2, and so on, and for each region of regions Rl-0, Rl-1, 
Rl-2, and so on, including the groups Gl-0, Gl-1, Gl-2, and 
so on, under the assumption that each group serves as a 
chart component. 

This enables estimation of the reference point and the 
unit vectors of the head for each region, thereby enabling 
precise analysis of the geometric properties. 

As described above, with the present embodiment, a 
picked-up chart image of a chart which has been created 
according to the chart data as shown in Fig. 8 and has been 
recorded on a recording medium is used for analysis, thereby 
eliminating adverse effects due to skewing, irregularities 
in transporting, meandering of a recording paper sheet, 
extension or contraction thereof, or the like, as much as 
possible, thereby enabling analysis of the marks recorded by 
the two heads 2 0 and 21 for each local region. 

Note that various modifications may be made regarding 
the chart component under the condition that the dots 
forming a single chart component are recorded according to 
common geometric properties. 

For example, Fig. 8 shows an arrangement wherein a 
region recorded by a single head having a large recording 
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width is divided into small regions serving as chart 
components for analyzing the small regions thus divided and 
analyzing the relative relation therebetween under the 
assumption that the dots forming a test chart recorded by 
such a long head are not arrayed according to common 
geometric properties over the entire region thereof due to 
distortion of the head. On the other hand, an arrangement 
may be made wherein a region recorded by the head assembly 
is divided into two chart components each of which is formed 
of the dots recorded by one of the heads for analyzing only 
the geometric properties for each head and the geometric 
properties due to the relative relation between the heads. 
Furthermore, in a case wherein these two heads are fixed 
under predetermined conditions, an arrangement may be made 
wherein the geometric properties are analyzed for the entire 
region recorded by the head assembly under the assumption 
that the fixed heads serve as a single head. 

On the other hand, Fig. 9 is a diagram which shows an 
arrangement wherein the marks are grouped into chart 
components for each head. An arrangement may be made having 
such a configuration as shown in Fig. 9 for analyzing the 
geometric properties for each head and the geometric 
properties due to the relative relation between the heads. 

In this arrangement, a recording region RO-0 including 
the chart components GO-0 recorded by the head 20 
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substantially shares the region with a recording region Rl-0 
including the chart components Gl-0 recorded by the head 21. 
In the same way, a recording region RO-1 including the chart 
components GO-1 recorded by the head 23 substantially shares 
the region with a recording region Rl-1 including the chart 
components Gl-1 recorded by the head 24. With such a \ 
configuration, either chart components are affected by the 
same deviation with relatively low frequencies such as 
extension or contraction of a recording medium, flapping or 
meandering thereof during recording or image picking up, 
thereby enabling estimation of the relative positional 
relation between these heads while suppressing the adverse 
effects due to the aforementioned deviation, and thereby 
enabling more high-precision measurement. 

Furthermore, with such an arrangement, each line 
orthogonal to the transporting direction includes the marks 
forming the four chart components. With such a 
configuration, each chart component is affected by the same 
deviation with relatively high frequencies due to 
transporting of the recording medium in the same way, 
thereby enabling more high measurement while suppressing the 
adverse effects due to such deviation in a case of 
estimation of the relative positional relation between these 
heads . 

Description will be made regarding the advantage in 
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detail with regard to Fig. 10. Fig. 10 is a diagram which 
shows an arrangement wherein the marks of the plural chart 
components are recorded on each line orthogonal to the 
transporting direction , which has the advantage of analyzing 
the geometric properties while eliminating the adverse 
effects due to irregularities in transporting or the like. 

In an arrangement example shown in Fig. 10, even- 
numbered marks are printed by the head 20, whereby a chart 
component GO is formed of six marks of 0, 2, 4, 6, 8, and 10 
On the other hand, odd-numbered marks are printed by the 
head 21, whereby a chart component Gl is formed of six marks 
of 1, 3, 5, 7, 9, and 11. Here, a line Ll orthogonal to the 
transporting direction includes: the two marks of 0 and 6 
forming GO; and the two marks of 3 and 9 forming Gl . In the 
same way, a line L2 includes: the two marks of 4 and 10 
forming GO; and the two marks of 1 and 7 forming Gl , and a 
line L3 includes: the two marks of 2 and 8 forming GO; and 
the two marks of 5 and 11 forming Gl . 

Here, the interval PI between the line Ll and L2 is 
designed to be the same length as the interval P2 between 
the line L2 and L3 . However, in some cases, a recording 
medium is transported with irregularities along the 
transporting, direction. In this case, the length of the 
interval Pi is not equal to the one of the interval P2, 
leading to difference of the geometric properties obtained 
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from each chart component. Even in such a case, with the 
present embodiment having such a configuration wherein the 
component charts are formed according to the geometric 
property format such that the same number of marks of each 
chart component are recorded on each line orthogonal to the 
transporting direction f and accordingly such chart 
components thus formed are affected by the same deviation 
such as irregularities in transporting or the like, thereby 
enabling estimation of the relative relation therebetween 
while canceling out such irregularities with a simple method. 

Such an arrangement wherein each chart component is 
formed under the same conditions has not only the advantage 
of effectively canceling out irregularities in transporting 
of a recording medium, but also has the advantage of 
effectively canceling out directional irregularities such as 
irregularities in movement of the head, irregularities in 
movement of a line sensor during picking up images, and so 
forth. 

On the other hand, Fig. 11 is a diagram which shows an 
arrangement example designed such that the chart components 
are arrayed without overlapped regions . 

With such a configuration as shown in Fig. 11, each 
chart component can be formed with a smaller region (area). 
Such an arrangement is insusceptible to the adverse effects 
due to distortion occurring in the head, thereby enabling 
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more high-precision measurement of the geometric properties 
of these heads. However, it is thought that such a 
configuration leads to some deterioration in measurement 
precision of the relative relation between these heads. 

Note that in an example shown in Fig. 11 , a single 
chart component is formed of a mark group including the 
fifteen marks. In general , with the standard deviation a of 
irregularities in the position detection using a single mark 
as al, the standard deviation aN of the irregularities in 
the position detection using N marks is represented by the 
following Expression 22. 

[Expression 22] 

Accordingly/ the number of marks should be determined 
corresponding to required precision. 

For example, in a case wherein al is 20 ^un and the 
measurement required precision for aN is 3 ym, the required 
number N of the marks is determined to be 45 by calculation 
of: N = (20/3) x (20/3) = 45. Accordingly, a single chart 
component should be formed of 45 marks as shown in Fig. 12. 
Fig. 12 is a diagram which shows an arrangement wherein the 
number of the marks included in the chart component is 
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designed for satisfying the required precision. 

Note that in a case wherein the marks are recorded with 
positional precision dependent upon the direction, more 
number of marks are preferably arrayed in the direction 
where recording positional precision is low, thereby 
improving the measurement precision along this direction. 

On the other hand, as described later, the chart 
component is formed of the marks with higher density if the 
marks can be detected without interference therebetween. 
Accordingly, in this case, the chart component can be 
designed with a further smaller region as shown in Fig. 13. 
Fig. 13 is a diagram which shows an arrangement example 
wherein the chart component shown in Fig. 12 is formed with 
higher density in the recording-medium transporting 
direction. 

Next, Fig. 14 is a diagram which shows an example of 
the mark layout wherein the marks are recorded according to 
the geometric property format with positional irregularities 
dependent upon the direction. As shown in Fig. 14, the 
marks are recorded with positional irregularities dependent 
upon the direction. Specifically, as shown in Fig. 14(B) 
and Fig. 14(C), the marks are recorded with great positional 
irregularities in the vertical direction (recording-medium 
transporting direction) and with small positional 
irregularities in the horizontal direction (line direction). 
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In such a case, interference readily occurs between the 
marks adjacent one to another in the vertical direction. In 
a case wherein the marks are readily recorded with 
interference therebetween along a particular direction (in 
the vertical direction, in this case), the chart component 
is preferably formed according to the geometric property 
format such that the marks are arrayed in low density in the 
direction susceptible to such interference, and are arrayed 
in high density along the direction orthogonal to the 
direction, as shown in Fig. 14(A). Thus, even in a case of 
the plural chart components with relative positional 
irregularities, this configuration allows the layout of the 
marks with high density with the overlapped region between 
the chart components while suppressing interference 
therebetween . 

Furthermore, a chart layout may be designed as shown in 
Fig. 15, which has a combination of the aforementioned 
configurations. Fig. 15 is a diagram which shows an 
arrangement example wherein two head units each of which 
includes two heads fixed one to another are arrayed in the 
recording-medium transporting direction, and the marks are 
recorded . 

With an arrangement example shown in Fig. 15, the head 
20a and the head 21a are fixed one to another, whereby a 
O'th head unit 25 is formed. In the same way, the head 20b 
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and the head 21b are fixed one to another, whereby a first 
head unit 26 is formed. Furthermore, the arrangement has a 
configuration wherein the head 20a and the head 2 0b are 
arrayed with the same phase in the line direction, and the 
head 21a and the head 21b are arrayed with the same phase, 
for recording an image on a recording medium, as shown in 
Fig. 15. 

Specific examples having such a configuration include 
an arrangement for color printing. For example, the 
arrangement has a configuration wherein the O'th head unit 
25 is used for printing an image in black, and the first 
head unit 26 is used for printing an image in cyan. In 
general cases, unshown head units are further arranged with 
the same manner as the first head unit which is arranged 
with the same phase to the O'th head unit for printing 
images in magenta and yellow, whereby color printing is 
performed. 

With such a configuration having plural heads units, in 
a case wherein the interval between the heads arrayed 
adjacent one to another within the single head unit is 
greater than the interval between the head units, the marks 
recorded by the heads adjacent one to another within the 
single head unit are arrayed in positional irregularities 
with high correlation therebetween as compared with the 
marks recorded by the heads each of which is included in a 



- 54 - 



different head unit. 

Fig. 16 is a diagram which shows the marks formed with 
relative positional irregularities in a case wherein the 
marks are formed by the heads each of which is included in 
the single head unit, and in a case wherein the marks are 
formed by the heads each of which is included in a different 
head unit. Here, Fig. 16(A) shows the positional 
irregularities in recording with the mark recorded by the 
head 20a as a reference point, and Fig. 16(B) shows the 
positional irregularities in recording with the mark 
recorded by the head 20b as a reference point. As can be 
understood from Fig. 16, the marks are recorded with 
relatively small relative positional irregularities 
therebetween by the heads included in the single head unit 
while the marks are recorded with relatively great relative 
positional irregularities therebetween by the heads included 
in different head units. 

In such a case, layout design wherein all the marks are 
arrayed according to a rule determined by a combination of 
the marks which exhibit the largest relative positional 
irregularities leads to the mark layout with low density, 
resulting in the mark layout with a large area. Accordingly, 
the mark layout is preferably designed with as high density 
as possible while suppressing interference between the marks 
adjacent one to another as follows. 
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Fig. 17 is a diagram which shows a mark layout which 
allows printing of marks without interference therebetween 
with relative positional irregularities in a case shown in 
Fig. 16 as described above. As shown in Fig. 17 , while a 
mark MO-0 printed by the head 20a and a mark M0-1 printed by 
the head 21a should be arrayed with an interval D of 3 for 
suppressing interference therebetween, the mark MO-0 and a 
mark Ml-0 printed by the head 20b must be arrayed with an 
interval D of 4, and the mark MO-0 and a mark Ml-1 printed 
by the head 21b must be arrayed with an interval D of 5, for 
suppressing interference therebetween. 

In the same way, the mark M0-1 printed by the head 21a 
and the mark Ml-0 printed by the head 20b must be arrayed 
with an interval D of 5, the mark M0-1 printed by the head 
21a and the mark Ml-1 printed by the head 21b must be 
arrayed with an interval D of 4, and the mark Ml-0 printed 
by the head 20b and the mark Ml-1 printed by the head 21b 
must be arrayed with an interval D of 3, for suppressing 
interference therebetween. 

In this case, a mark layout regulated according to the 
geometric property format such that these marks are arrayed 
in order of these heads on a single line without 
interference therebetween requires cyclicity of (3 + 5 + 3 + 
5) =16 dots for recording the four marks. Accordingly, the 
average distance between the adjacent marks is 4 dots in the 
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line direction. 

On the other hand, as shown in Fig. 15, a mark layout 
is created such that: a region along the line direction 
formed of dots 0 through 12 with a width of 13 dots includes 
two each of marks recorded by the heads 20a and 21a of the 
O'th head unit 25; a next region formed of dots 13 through 
25 includes two each of marks recorded by the heads 2 0b and 
21b of the first head unit 26; and so on in the same way, 
whereby two each of marks by all the heads are recorded 
every 2 6 dots. In this case, the average distance between 
the adjacent marks is 3.25 dots in the line direction. As 
described above, formation of a mark layout with great head- 
unit switching cyclicity allows high-density recording of 
the chart component. 

Fig. 18 is a diagram which shows an arrangement wherein 
each region extending in the line direction includes a 
series of marks recorded by a single head, thereby improving 
the recording density. 

As shown in Fig. 18, the marks are recorded in order of 
M0-0, M0-0, M0-1, M0-1..., and so on in the same way, for 

example, thereby further improving the recording density. 
In this case, sixteen each of marks by all the heads are 
recorded every 133 dots, and accordingly, the average 
distance between the adjacent marks is approximately 2.08 
dots in the line direction. 
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While description has been made giving consideration to 
interference only in the line direction for simplif ication, 
the marks are recorded with positional irregularities in the 
two-dimensional direction in reality, and accordingly, a 
mark layout must be designed such that the marks adjacent 
one to another are arrayed without interference in the two- 
dimensional directions. 

In a case of a mark layout including marks recorded by 
a laser printer or the like with small relative recording- 
position irregularities/ the mark layout can be designed 
with the average mark density of approximately 1/4 (one mark 
is recorded for each area where four marks can be recorded). 
On the other hand, in a case of a mark layout including 
marks recorded by various color heads of an ink- jet printer 
or the like with large relative recording-position 
irregularities, the mark layout can be designed with the 
average mark density of approximately 1/50 (one mark is 
recorded for each area where 50 marks can be recorded). In 
general, with an ink- jet printer, a mark layout is 
preferably designed with the average mark density of 
approximately 1/10 (one mark is recorded for each area where 
10 marks can be recorded) to 1/20 (one mark is recorded for 
each area where 20 marks can be recorded), and is more 
preferably designed with the average mark density of 
approximately 1/16 (one mark is recorded for each area where 
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16 marks can be recorded) , giving consideration to 
susceptibility to interference , precision, the image size 
which can be handled by the analyzing system, and so forth. 

Furthermore, an arrangement may be made wherein a 
single chart which is formed of marks recorded by a single 
head is suitably divided into plural chart components at the 
time of reading or analyzing. Fig. 19 is a diagram which 
shows an arrangement wherein plural small charts are grouped 
into chart components . 

For example, the chart shown in Fig. 12 described above 
is divided into small charts of RO-0 to R2-2 as shown in Fig. 
19(A). 

Specifically, the small charts are grouped along the 
horizontal direction as shown in Fig. 19(B) at the time of 
analyzing the geometric properties due to irregularities in 
transporting, whereby the region RO-0, RO-1, and RO-2, are 
grouped into a single region RHO, the region Rl-0, Rl-1, and 
Rl-2, are grouped into a single region RH1, and the region 
R2-0, R2-1, and R2-2, are grouped into a single region RH2 , 
for analyzing the relative geometric properties of each 
region of RHO, RH1, and RH2 . 

On the other hand, in a case of analyzing the geometric 
properties due to distortion of the head, or analyzing the 
positional relation between the heads adjacent one to 
another in the nozzle-array direction, an arrangement may be 
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made wherein the small charts are grouped in the vertical 
direction (recording-medium transporting direction) as shown 
in Fig. 19(B) , whereby the region RO-0, Rl-O, and R2-0, are 
grouped into a single region RVO, the region RO-1, Rl-1, and 
R2-1, are grouped into a single region RVl, and the region 
RO-2, Rl-2, and R2-2, are grouped into a single region RV2, 
for analyzing the relative geometric properties of each 
region of RVO, RVl, and RV2 . 

On the other hand, in a case of analyzing the geometric 
properties of the entire head, all the regions RO-0, RO-1, 
RO-2, Rl-0, Rl-1, Rl-2, R2-0, R2-1, and R2-2, shown in Fig. 
19(A) should be grouped into a single region, whereby the 
geometric properties are analyzed for the single region as 
shown in Fig. 12. 

The present invention is not restricted to the 
arrangements, rather, any combination of the small charts 
may be grouped. 

Furthermore, analysis of the geometric properties 
according to the present invention is not restricted to an 
arrangement wherein the geometric properties are analyzed 
for each of the grouped marks after grouping processing, 
rather an arrangement may be made wherein the geometric 
properties are calculated for each of the small charts RO-0 
to R2-2, following which the geometric properties for the 
grouped region are calculated based upon the geometric 
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properties of the small charts thus calculated. 

As described above, the chart component can be suitably 
designed giving consideration to the geometric properties 
which are to be calculated, the desired precision, the 
irregularities in the recording position, directional 
dependence thereof (interference), and so forth. With the 
present embodiment, the geometric property format is 
designed giving consideration to the geometric properties 
which are to be calculated so as to optimize analyzing 
processing, thereby enabling more high-precision analyzing 
at high speed while conserving memory. 

Next, description will be made regarding the operation 
of the geometric property analyzing system having such a 
configuration. 

In Fig. 6, first, the chart data creating unit 10 
creates chart data having a layout structure wherein dots 
are arrayed based upon the geometric property format stored 
in the format storage unit 9 as shown in Fig. 8, and 
transmits the chart data as printing data to the printer 6. 
Note that an arrangement may be made wherein the chart data 
is stored in the creation/storage unit 8, and is transmitted 
as printing data to the printer 6. 

The printer 6 temporarily stores the received chart 
data in the data storage unit 15, following which the 
printer 6 sequentially reads out the chart data for each 



- 61 - 

line so as to print an image with the heads 20 and 21 
provided to the printing unit 16 , whereby a test chart is 
formed corresponding to the chart data. 

The test chart thus printed is read out by the scanner 
7. In this case, the scanner 7 is used with higher image 
pickup resolution of the image pickup unit 17 thereof than 
with printing resolution (recording resolution) of the 
printing unit 16 in order to improve the measurement 
precision. For example, in a case of a printer including 
the printing unit 16 with printing resolution of 300 DPI as 
described above, the scanner 7 is used with image pickup 
resolution of the image pickup unit 17 of 600 DPI for 
picking up images. While it is needless to say that the 
scanner 7 is preferably used with as high image pickup 
resolution of the image pickup unit 17 as possible, an 
arrangement may be made wherein the scanner 7 is used with 
suitable image pickup resolution adjusted corresponding to 
the situation. 

Then, the scanner 7 transmits the chart image of the 
test chart thus taken to the PC 5. 

The PC 5 analyzes the geometric properties of the chart 
image transmitted from the scanner 7 in the analyzing unit 
11. 

That is to say, the analyzing unit 11 groups the dots 
printed by the nozzles arrayed adjacent one to another 
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within a single head into a predetermined number of groups 
such as GO-0, Gl-O, and the like, as shown in Fig. 8 or the 
like- Then, the analyzing unit 11 performs fitting of the 
geometric property format with each group as a fitting unit 
as described in the above mechanism description, whereby the 
reference point and the unit vectors are estimated. 

Specifically, the approximate region of the picked-up 
chart image is detected (e.g., from the upper-left position 
and the lower-left position of the chart) based upon the 
acquired chart image, and the detected chart region is 
divided based upon the geometric property format , whereby 
the recording position of each dot is roughly calculated. 

Instead of rough positioning of the dot positions using 
the dots detected at predetermined positions in the chart 
image, an arrangement may be made wherein the dot positions 
are roughly positioned using the reference marks (marker) 
other than the aforementioned dots. Fig. 2 0 is a diagram 
which shows a layout example of the reference marks in the 
chart, and Fig. 21 is a diagram for describing calculation 
of the rough positions of the marks based upon the positions 
of the reference marks. 

The reference mark is formed of the dots two- 
dimensionally arrayed in the chart, whereby a predetermined 
rectangular region (e.g., 7 x 8 dots ) is formed as shown in 
Fig. 20, serving as a single reference mark formed of all 
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the dots connected one to another • Accordingly/ the 
reference mark is formed with a greater area than with the 
aforementioned mark. At the time of detecting the positions, 
first, the arrangement detects these reference marks, 
following which the arrangement divides the chart into mesh 
elements so as to roughly calculate the recording position 
of each mark based upon the detected positions of the 
reference marks and the geometric property format of the 
chart, as shown in Fig. 21. 

In a case wherein recording and picking up images are 
made without skewing of a recording medium and with 
substantially the same aspect ratio, the arrangement may 
include only two reference marks. On the other hand, in a 
case wherein the system has problems of skewing of a 
recording medium, impermissible difference aspect ratio, and 
so forth, at the time of recording and picking up images, 
the system should include three or more reference marks such 
that no single line passes through all the reference marks. 

In this case, as shown in Fig. 20, the reference marks 
are preferably arrayed at the ends of the chart such that 
lines between a certain reference mark (the upper-right 
reference mark, in this example shown in Fig. 20) and 
another reference mark intersect at the certain reference 
mark (the upper-right reference mark) , orthogonal one to 
another. An arrangement example as shown in Fig. 20 is 
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suitable for an arrangement wherein the head 20a and the 
head 21a are arrayed with relatively small positional 
irregularities as shown in Fig. 15. These reference marks 
are formed by both the heads 20a and 21a so as to serve as 
common reference marks. That is to say, these reference 
marks are formed as common reference marks using the dots 
recorded by the both heads 20a and 21a. 

Fig. 22 is a diagram which shows an arrangement wherein 
individual reference mark array is prepared for each head 
for roughly calculating the positions of the marks. An 
arrangement example as shown in Fig. 22 is suitable for an 
arrangement wherein the head 2 0a and the head 20b are 
arrayed with relatively large positional irregularities as 
shown in Fig. 15. Each reference mark is formed by the 
corresponding single head (or head unit), and accordingly, 
the positions of the marks recorded by each head are 
calculated based upon the reference marks recorded by the 
corresponding head. This enables detection of the marks in 
a sure manner. Note that the chart shown in Fig. 22 must be 
designed such that the reference marks are arrayed without 
interference therebetween, and the reference marks and the 
marks are arrayed without interference therebetween, as well 
as the reference marks being arrayed without interference 
therebetween . 

Description has been made regarding an arrangement 
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wherein each reference mark is formed of dots arrayed within 
a particular rectangular region with high density as shown 
in Fig, 20, an arrangement may be made wherein the reference 
mark is formed of a layout of the dots continuously arrayed 
on a chart, such as a line or a frame, for example, which 
can be easily detected. 

On the other hand, each mark is formed of one to 
several dots with an extremely small size as shown in Fig. 
36 described later, for example. Accordingly, it is often 
difficult to immediately detect failure in printing at the 
time of recording of a chart on a recording medium. 
Accordingly, a uniform bar 50 is preferably arrayed in the 
chart at the time of recording as shown in Fig. 23. Fig. 2 3 
is a diagram which shows an example wherein the bar 50 is 
arrayed in the chart. The bar 50 is formed of the dots 
arrayed in the chart in the shape of stripes as shown in Fig. 
23; the longitudinal direction of each stripe becoming the 
line direction (nozzle-array direction). 

With such a configuration, in the event of failure in 
printing on a recording medium at the time of printing of a 
chart, the failure in printing is easily detected through 
visual monitoring using the bar 50. This allows the 
operator to prevent analysis of the geometric properties 
having problems due to failure in printing. 

Then, the arrangement sets a mask for each dot forming 
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a group with the calculated recording position as the center 
thereof for calculating the center of gravity as shown in 
Fig, 24. Then, the center of gravity thereof is calculated 
within the mask. Fig. 24 is a diagram which shows a mask 
that is set for each dot for calculating the center of 
gravity. 

The mask size is determined such that the center of 
gravity is calculated without influence of the adjacent dots. 
As described above, in a case of obtaining an image of a 
chart wherein each dot is arrayed away from the horizontally 
and vertically adjacent dots by 5 dots as shown in Fig. 8, 
with two times resolution of the printing resolution, each 
dot is arrayed away from the adjacent pixels by 10 pixels in 
the picked-up chart image. That is to say, in this case, 
setting a mask having more than 20 pixels of a width in the 
horizontal direction and more than 20 pixels of a height in 
the vertical direction with the center pixel of the dot as 
the center of the mask is affected by the other unintended 
dots. Accordingly, in this case, a mask with a mask size of 
around 13 x 13 pixels is set for each pixel, for example. 

The mask size is closely related to the geometric 
property format for designing the chart. That is to say, in 
a case wherein the position of the mark which is to be 
detected can be precisely estimated, the mask can be set 
with a relatively small mask size for the mark as shown in 
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Fig. 25 (a mask is set with a mask size of 4 x 4 in a case 
shown in Fig. 25). Fig. 25 is a diagram which shows an 
example wherein the arrangement estimates relatively precise 
position of the mark/ and set a mask with a small mask size. 

As described above, in a case of setting a mask with a 
relatively small mask size for the chart as shown in Fig. 25 , 
plural marks are not detected in one mask, thereby 
preventing interference between marks at the time of 
detection thereof. 

On the other hand, the position of the mark is 
estimated with a relatively large margin of error, the mask 
needs to be set with a relatively large mask size. Fig. 26 
is a diagram which shows an example wherein the position of 
the mark is estimated with a relatively large margin of 
error, and the mask is set with a relatively large size. In 
Fig. 26, the mask is set with a mask size of 6 x 6, for 
example. Here, setting of a mask with such a relatively 
large mask size even for the chart shown in Fig. 26, which 
has the same layout structure as with the chart shown in Fig. 
25, often leads to interference between the marks at the 
time of detection thereof. 

In such a case, the geometric property format needs to 
be modified such that the adjacent marks are arrayed more 
away one from another. 

Note that the means for preventing interference at the 
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time of detection of the marks is not restricted to the 
aforementioned method wherein the geometric property format 
is modified , rather an arrangement may be made wherein the 
layout of the reference marks is modified so as to reduce 
the error in estimating the mark position, or an arrangement 
may be made wherein the mask size is adjusted for each mark. 
Note that while a single mask is formed of plural pixels, a 
mark is formed of a part of the pixels continuously arrayed 
within the mask. Accordingly, an arrangement may be made 
giving consideration to the aforementioned fact, wherein 
plural centers of gravity are calculated for sub-regions 
within the mask, and the center of gravity closest to the 
estimated center, or the center of gravity of which the mass 
(described later) is closest to a predetermined value, is 
selected as the detected mark position. 

Fig. 27 is a diagram which shows the brightness levels 
and coordinate points of the pixels within a mask for 
calculating the center of gravity of the mark. 

Then, as shown in Fig. 27, the brightness level Yij of 
each pixel within the mask is subtracted from the background 
level (brightness level in the region having no dots) Ybg, 
whereby the residue is obtained (in the event that the 
residue is a negative value, the residue is set to zero), 
which is defined as the small-area mass Dij as represented 
by the following Expression 23. 
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[Expression 23] 



(wherein Z)-^o) 



That is to say, the difference is calculated between 
the brightness level Yij of each pixel and the background 
level Ybg, and accordingly, the brightness level Yij is 
normalized such that the brightness level of the pixels 
other than the pixels forming the dot becomes zero, thereby 
preventing influence of the adjacent dots on calculation of 
the center of gravity in a case wherein the mask is set at a 
position deviating from the center of the dot. 

Then, the arrangement calculates the sum of the moments 
within the mask, following which the sum is divided by the 
total mass, whereby the gravity C(Ci, Cj) is calculated as 
represented by the following Expression 24. 

[Expression 24] 




Note that pre-scanning is more preferably performed for 
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the dots forming the group prior to calculation of the 
center of gravity for preventing adverse effects due to 
substandard dot printing, blotting, blurring, soiling near 
the dots, thereby improving estimation precision. With the 
pre-scanning, the arrangement performs processing for 
calculating the centers of gravity once beforehand so as to 
calculate the reference point and the two unit vectors for 
each group, and corrects the mask position based upon the 
results, whereby the mask center position is set to 
substantially the precise center of gravity of the dot. 
Furthermore, processing is preferably performed wherein the 
average mass (i and the standard deviation a are calculated 
for each dot beforehand, and the dots having the mass beyond 
a range of \i ± 3a are detected as the substandard dots which 
are not used for calculation. With such a configuration, 
the geometric properties are analyzed using only the dots 
printed with sufficient image quality, thereby enabling 
analysis with improved precision. 

Note that the position serving as the dot position is 
not restricted to the center of gravity as described above, 
rather, the geometric center may be employed, or other 
positions suitable for representing the dot position may be 
employed. As a method example for calculating the geometric 
center, a method is known wherein the brightness level Yij 
for each pixel as shown in Fig. 27 is converted into a 
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binary with a predetermined threshold value so as to obtain 
the geometric center of the dot pattern having dot values 
equal to or less than the threshold value. 

Then f the reference point M and the two unit vectors 
are calculated by the fitting unit 13 so as to minimize the 
sum of squares of the error E between the group of centers 
of gravity thus calculated and the group of the recording 
positions calculated based upon the geometric property 
format using the mechanism as described above, whereby the 
fitting of the geometric property format is performed. 

Thus, the most likely reference point M and two unit 
vectors (unit vector U in the line direction and unit vector 
V in the recording-medium-transporting direction) are 
calculated for each group as shown in Fig. 28, for example. 

Fig. 2 8 is a diagram which shows the most likely 
reference point M and two unit vectors calculated for each 
group. 

As shown in the drawing, the reference point M( hat) 0-0 
and two unit vectors U( hat) 0-0 and V( hat) 0-0 are calculated 
for the group G0-0, and the reference point M(hat)l-0 and 
two reference vectors U(hat)l-0 and V(hat)l-0 are calculated 
for the group Gl-0. 

Then, the state of the two heads is analyzed for the 
small area based upon the calculated reference point and 
unit vectors. 
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Fig, 29 is a diagram which shows an example of the 
reference point and unit vectors calculated for each group 
which are used for analyzing the geometric properties. 

Specif ically, as shown in Fig. 29 , comparison is made 
for the reference point and the unit vectors within a single 
group or between different groups, whereby the state of the 
heads is analyzed as follows. 

(1) Analysis of the skew angle of the head 20 (as to the 
transporting direction) and the resolution in the vertical 
and horizontal directions based upon the directions and 
lengths of the unit vector U( hat) 0-0 and the unit vector 
V( hat) 0-0 in the small area. 

(2) Analysis of the skew angle of the head 21 (as to the 
transporting direction) and the resolution in the vertical 
and horizontal directions based upon the directions and 
lengths of the unit vector U( hat) 1-0 and the unit vector 
V( hat) 1-0 in the small area. 

(3) Analysis of the relative positional relation between the 
heads 20 and 21 based upon the reference position M(hat)0-0 
and the reference position M( hat) 1-0 corresponding to the 
group reference points. 

(4) Analysis of the relative skewing and positional 
deviation of the nozzles between the heads 20 and 21 based 
upon the unit vector U( hat) 0-0 and the unit vector U( hat) 1-0 
in the small area. 
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(5) Analysis of deviation of the transporting amount of the 
recording medium and deviation of the transporting direction 
thereof based upon the unit vector V( hat) 0-0 and the unit 
vector V(hat)l-0 in the small area (while such deviation 
does not occur in normal situations , in some cases, 
deviation of printing timing between the heads leads to the 
deviation) . 

Note that positional deviation between the two heads 20 
and 21 may be analyzed as follows, as well, for example. 

That is to say, the estimated position P( hat) 1-0 of the 
M(hat)l-0 is obtained as M(hat)0-0 + 5U(hat)0-0 based upon 
the geometric property format with the M( hat) 0-0 as the 
reference point. Accordingly, the difference between the 
estimated reference position P( hat) 1-0 calculated based upon 
the geometric property format and the actual reference 
position M(hat) 1-0 corresponds to estimated likely deviation 
from the M( hat) 1-0. 

[Expression 25] 

M uo - P uo = M,_ 0 - (M M + 5LV 0 ) 

The deviation is calculated in the form of a vector wherein 
the vector component in the U(hat) direction represents the 
direction and the amount of the deviation of the arrays of 
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the nozzles in the array direction as shown in Fig. 7. On 
the other hand, the vector component in the V(hat) direction 
represents the direction and the amount of the deviation of 
discharging positions of the nozzles 22 of the head 20 and 
the nozzles 22 of the head 21. 

It is needless to say that an arrangement may be made 
wherein deviation between the two heads 20 and 21 and the 
like are analyzed without such calculation by adjusting 
setting of the reference points or adjusting the dots 
forming the groups. 

While description has been made regarding calculation 
for the groups GO-0 and G0-1 in a local area, an arrangement 
may be made wherein plural mark groups 2A including 
different pairs are formed on a recording medium as shown in 
Fig. 30 i and analysis of the relative relation between 
different mark groups 2 A is made as well as making analysis 
of the mark group 2 A for each local region, thereby 
analyzing comprehensive printing state of the two heads 2 0 
and 21. 

Fig. 30 is a diagram which shows a recording medium 
wherein the plural mark groups having different pairs, and 
Fig. 31 is a diagram which shows a distribution example of 
the reference position and the unit vectors obtained as 
analysis results regarding plural heads. 

For example, the plural mark groups 2A having different 
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pairs are printed on the recording medium 1 as shown in Fig. 
30 , whereby a test chart is formed. In this case, the 
analysis results regarding the head 20 is shown in Fig. 
31(A), the analysis regarding the head 21 is shown in Fig. 
31(B). 

In this example, as can be understood from Fig. 31(A), 
the head 20 is curved with the convex face facing toward the 
upstream direction in the recording-medium transporting 
direction (the array of the dots printed by the head 2 0 is 
curved with the convex face facing toward the upper 
direction), and as can be understood from Fig. 31(A) and Fig. 
31(B), change in the size of the transporting velocity 
vector is detected, which indicates irregularities in the 
recording-medium transporting speed. 

With the present embodiment, the analysis results thus 
obtained are displayed on the display unit 14, thereby 
allowing the operator to adjust the state of the heads 20 
and 21, and adjust the printing parameters. 

Furthermore, it is needless to say that the chart data 
for creating a test chart is not restricted to the examples 
shown in Fig. 8 and so forth, rather, various kinds of chart 
data may be employed for creating a test chart corresponding 
to the geometric properties which are to be analyzed. 

Furthermore, an arrangement may be made wherein plural 
kinds of geometric property formats are designed for 
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analyzing various kinds of situations of deviation of the 
recording position under the assumption that various kinds 
of deviation of the recording position may occur. In this 
case, an arrangement may be made wherein the operator 
inspects the actual printing results , selects the optimum 
geometric property format, and a chart is reprinted based 
upon the optimum geometric property format thus selected. 
Alternatively, an arrangement may be made wherein plural 
charts are printed based upon all the plural geometric 
property formats prepared beforehand, and the most effective 
chart is selected for analyzing the geometric properties. 

More effectively, an arrangement may be made wherein a 
chart is printed with relatively low recording density such 
that the geometric properties are analyzed based upon the 
printing results without interference, following which the 
optimum geometric property is selected from the 
aforementioned plural geometric property formats based upon 
the analysis results. Alternatively, an arrangement may be 
made wherein the optimum geometric property format having 
high recording density is designed based upon the first 
analysis results, and a chart is printed based upon the 
geometric property format thus designed, thereby enabling 
more detailed analysis. 

On the other hand, the size of the geometric property 
format is preferably designed corresponding to the size of 
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an image which can be handled with the geometric property 
analyzing system. That is to say, a chart (chart component) 
defined by a single geometric property format needs to be 
analyzed as a single unit, and accordingly, the chart image 
is preferably formed with a size which can be stored in the 
image memory provided to the geometric property analyzing 
system. Accordingly, the size of the geometric property 
format is preferably determined in advance based upon the 
size of the image memory, the resolution of the image pickup 
apparatus, and the resolution of the recording device. 

Fig. 32 is a diagram which shows a modification of such 
chart data. 

With an example shown in Fig. 32, the arrangement 
prints dots with the nozzles of a single head every four 
dots along a line. Furthermore, the arrangement prints dots 
on a line as described above with the switched head and with 
displacement of one dot along the line direction every five 
lines along the recording-medium-transporting direction. 

That is to say, the head 20 records the dots at 
coordinate points in the line direction of 0, 4, 8, 12, and 
so on, along a O'th line, records the dots at coordinate 
points in the line direction of 2, 6, 10, 14, and so on, 
along tenth line, and records the dots at the same 
coordinate points in the line direction as with the 0 1 th 
line along the twentieth line. 



On the other hand, the head 21 records the dots at 
coordinate points in the line direction of 1, 5, 9, 13, and 
so on, along a fifth line, records the dots at coordinate 
points in the line direction of 3, 7, 11, 15, and so on, 
along a fifteenth line, and records the dots at the same 
coordinate points in the line direction as with the fifth 
line along the twenty-fifth line. 

Note that while description has been made mainly 
regarding arrangements for analyzing the geometric 
properties of an ink-jet printer, the present invention is 
not restricted to the aforementioned arrangements, rather, 
the present invention may be widely applied to arrangements 
for analyzing the geometric properties of various kinds of 
devices such as: various kinds of printers such as a laser 
printer and so forth; recording devices for optically 
recording an image on a film or the like. 

Such a test chart and geometric property analyzing 
system according to the first embodiment allows the operator 
to easily analyze the geometric properties of at least one 
of: a printer serving as a recording device; a paper sheet 
serving as a recording medium; and a scanner serving as an 
image pickup apparatus, with high precision, regardless of 
skill of the operator. 

Fig. 33 through Fig. 3 6 show a second embodiment 
according to the present invention, wherein Fig. 33 is a 



- 79 - 



diagram which shows the positional relation between the 
heads and the image pickup unit along the recording-medium- 
transporting direction* In description regarding the second 
„ embodiment, description of the same components as with the 
first embodiment described above will be omitted, and 
description will be made mainly regarding only different 
components . 

While the arrangement according to the first embodiment 
has a configuration wherein image data is acquired by a 
scanner provided separately from the printer, an arrangement 
according to the second embodiment includes an image pickup 
unit therein for acquiring image data. 

Fig. 34 is a block diagram which shows a configuration 
of the geometric property analyzing system. 

As shown in Fig. 34, the geometric property analyzing 
system according to the present embodiment comprises a 
personal computer (PC) 35 serving as an analyzing device and 
a printer 36 serving as both a recording device and an image 
pickup apparatus. 

The PC 35 comprises: the format storage unit 9 for 
storing the geometric property format; the mark center 
calculating unit 12 for calculating the center position of 
each mark based upon the chart image output from the image 
pickup unit 17; the analyzing unit 11 including the fitting 
unit 13 for analyzing the geometric properties by 
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calculating the most likely reference point and unit vectors 
through comparison between the center positions of the marks 
of the mark group calculated by the mark center calculating 
unit 12 and the geometric property format read out from the 
format storage unit 9; and the display unit 14 for 
displaying the analysis results analyzed by the analyzing 
unit 11. 

On the other hand, the printer 36 comprises: a chart 
data creation/storage unit 37 for creating and storing chart 
data based upon the geometric property format which is the 
same as the geometric property format stored in the format 
storage unit 9; the printing unit 16 for creating a test 
chart by printing (recording) chart data read out from the 
chart data creation/storage unit 37 on a printing medium 
(recording medium); and the image pickup unit 17 for 
creating a chart image by scanning the test chart created by 
the printing unit 16. 

With such a conf iguration, Fig. 33 shows the positional 
relation between the printing unit 16 and the image pickup 
unit 17, 

The printing unit 16 comprises: a head 30 for printing 
an image in black (K); a head 31 for printing an image in 
cyan (C); a head 32 for printing an image in magenta (M); 
and a head 33 for printing an image in yellow (Y), arrayed 
in that order from the upstream side to the downstream side 
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along the recording-medium-transporting direction. With 
such a conf iguration, printing is made by the heads 30, 31, 
32, and 33, serving as recording means, in that order while 
transporting the recording medium, whereby color printing is 
performed. 

On the other hand, the image pickup unit 17 comprises a 
line sensor with a line length sufficient for optically 
reading an image with a certain printing length printed by 
the head 30, and is mounted downstream from all the heads 30, 
31, 32, and 33, forming the printing unit 16, along the 
recording-medium-transporting direction . 

On the other hand, chart data shown in Fig. 35 is 
desirable for the geometric property analyzing system having 
such a configuration, for example. That is to say, Fig. 35 
shows an example of chart data. 

With an example shown in Fig. 35, the arrangement 
prints dots with the nozzles of a single head every four 
dots along a line. Furthermore, the arrangement prints dots 
on a line as described above with the switched head and with 
displacement of one dot along the line direction every four 
lines along the recording-medium-transporting direction. 

That is to say, the head 30 records the dots at 
coordinate points in the line direction of 0, 4, 8, 12, and 
so on, along a 0 1 th line. In this case, the head 30 records 
the dots at the same coordinate points in the line direction 
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as with the O'th line along the sixteenth line. 

On the other hand, the head 31 records the dots at 
coordinate points in the line direction of 1, 5, 9, 13 , and 
so on, along a fourth line, and so on in the same way. In 
this case, the head 31 records the dots at the same 
coordinate points in the line direction as with the fourth 
line along the twentieth line. 

On the other hand, the head 32 records the dots at 
coordinate points in the line direction of 2, 6, 10, 14, and 
so on, along an eighth line, and so on in the same way. In 
this case, the head 32 records the dots at the same 
coordinate points in the line direction as with the eighth 
line along the twenty-fourth line. 

On the other hand, the head 33 records the dots at 
coordinate points in the line direction of 3, 7, 11, 15, and 
so on, along a twelfth line, and so on in the same way. In 
this case, the head 33 records the dots at the same 
coordinate points in the line direction as with the twelfth 
line along the twenty-eighth line. 

Note that both marks according to the present second 
embodiment and the first embodiment described above are not 
restricted to one formed of a single dot, rather the single 
mark may be formed of plural dots as described in Fig. 36, 
for example. 

Fig. 36 is a diagram which shows various kinds of marks 
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formed of one or more dots. 

Fig. 36(A) shows a mark formed of a single dot as 
described above. 

Fig. 36(B) shows a mark formed of two dots arrayed in 
the line direction. 

Fig. 36(C) shows a mark formed of two dots arrayed in 
the recording-medium-transporting direction. 

Fig. 36(D) shows a mark formed of four dots arrayed in 
the shape of a square of (2x2) dots. 

Fig. 36(E) shows a mark formed of six dots arrayed in 
the shape of a rectangle of (3 dots in the line direction x 

2 dots in the recording-medium-transporting direction). 

Fig. 36(F) shows a mark formed of six dots arrayed in 
the shape of a rectangle of (2 dots in the line direction x 

3 dots in the recording-medium-transporting direction). 

Fig. 36(G) shows a mark formed of nine dots arrayed in 
the shape of a square of (3x3) dots. 

Fig. 36(H) shows a mark formed of five dots arrayed in 
the shape of a cross. 

Note that the marks according to the present invention 
are not restricted to the aforementioned arrangements, 
rather, various kinds of marks in a desirable shape may be 
used as long as a representative point (e.g., the center of 
gravity, the geometric center, and so forth, as described 
above) can be determined therewithin. 
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Next, description will be made regarding the operation 
of the geometric property analyzing system having such a 
configuration. While the operation thereof is substantially 
the same as with the first embodiment as described above , 
the main difference therebetween is that image picking-up is 
performed during transport of the recording medium within 
the printer 3 6 at the same time of recording an image on the 
recording medium, unlike the arrangement according to the 
first embodiment wherein a recording medium on which 
recording (printing) has been performed is transported to a 
scanner so as to perform image picking-up. 

That is to say, with the present embodiment, the chart 
data stored in the chart data creation/storage unit 3 7 is 
read out for each line while transporting the recording 
medium, and is printed with the four heads 30, 31, 32, and 
33, provided to the printing unit 16, in that order, whereby 
a test chart is formed in units of a line based upon the 
chart data as shown in Fig. 35. 

The lines of the test chart are recorded on the 
recording medium by the heads 30, 31, 32, and 33, 
corresponding to four colors, while the recording medium 
passes over these heads. Furthermore, the recording medium 
is transported, and reaches the position where the image 
pickup unit 17 is mounted. At this time, images of the 
lines of the test chart are picked up by the image pickup 
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unit 17 , and the picked-up image data is output to the PC 35 
as a chart image. 

The PC 35 detects the center of the mark with the mark 
center calculating unit 12 of the analyzing unit 11 based 
upon the input chart image for the four groups of GO-0, Gl-0, 
G2-0, and G3-0, each of which are formed of ten marks 
printed by the corresponding head of the heads 30 , 31; -32, 
and 33. Note that the following operation is the same as 
with the first embodiment described above. 

Note that while description has been made regarding an 
arrangement according to the present embodiment wherein the 
PC 35 includes the format storage unit 9 therein, and the 
printer 3 6 includes the chart data storage unit 37 therein, 
it is needless to say that the arrangement may have the same 
configuration as with the first embodiment described above 
as shown in Fig. 6. 

Such an arrangement according to the second embodiment 
has a configuration wherein the printer includes the image 
pickup unit therewithin, and accordingly, a scanner does not 
need to be prepared as a unit separate from the printer, 
thereby having the advantage of allowing the user to analyze 
the geometric properties without troublesome setting of the 
recording medium to the scanner or the like, as well as the 
same advantage as with the first embodiment described above. 
Furthermore, with the present embodiment, the transporting 
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system for transporting a recording medium of the printer is 
used for both printing and picking up images, accordingly, 
the recording medium is transported with high repeatability 
of the positional relation between the printed test chart 
and the picked-up chart image, thereby reducing costs of the 
transporting system. 

Furthermore, with an arrangement wherein each mark is 
formed of plural dots adjacent one to another, the mark can 
be detected in a sure manner even if the image pickup unit 
has relatively low resolution. Furthermore, such a large- 
area mark is insusceptible to noise due to deformation of 
the dot, soiling, blurring, and so forth, thereby 
facilitating geometric property analysis. 

Fig. 37 is a diagram which shows an example of a test 
chart wherein the marks are formed in different shapes for 
each group recorded on the recording medium 1 according to a 
third embodiment of the present invention. Note that 
description of the same components as with the first and 
second embodiments described above will be omitted, 
description will be made mainly regarding only different 
components . 

With the first embodiment described above, the 
arrangement detects the representative points (e.g., the 
upper-left dot and the lower-right dot) in the chart image 
in order to determine by which head of the two heads each 
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mark has been printed. However, such a method has a problem 
that the geometric property analysis cannot be made in a 
case wherein the arrangement cannot detect the 
representative points due to substandard printing. 

On the other hand, the second embodiment described 
above is applied to a color printer, and accordingly, the 
marks are printed in different colors for each group by the 
color printer. Accordingly, an arrangement according to the 
second embodiment wherein a color sensor is employed as the 
line sensor or the like of the image pickup unit 17 has the 
advantage of allowing the operator to analyzing the 
geometric properties of the four heads based upon any local 
region alone in the chart printed on a recording face of the 
recording medium. 

On the other hand, with the present third embodiment, 
the marks are formed with different shapes, sizes, or the 
like, for each group, thereby having the advantage of 
allowing the operator to analyze the geometric properties 
using a monochrome sensor even in a case of substandard 
printing of the representative dots, regardless of the 
printer type such as a color printer or a monochrome printer. 

Fig. 37(A) shows the layout structure formed on the 
recording medium 1 according to the present embodiment, and 
Fig. 37(B) shows the layout structure thereof in further 
detail. 
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That is to say, the marks recorded in the test chart 
are classified into three groups of GO-0, Gl-0, and G2-0, 
wherein the marks belonging to the group GO-0 are formed of 
two dots arrayed in the recording-medium-transporting 
direction as shown in Fig. 36(C), the marks belonging to the 
group Gl-0 are formed of two dots arrayed in the line 
direction as shown in Fig. 36(B), and the marks belonging to 
the group G2-0 are formed of four dots arrayed in the shape 
of a square of (2 x 2) as shown in Fig. 36(D). 

Note that the marks which belongs to each group are 
arrayed along the recording-medium-transporting direction so 
as to slant to the line direction in the same way as with 
the arrangement shown in Fig. 8. 

Such an arrangement according to the third embodiment 
has a configuration wherein the marks are formed in 
different shapes for each group which is to be analyzed, 
thereby having the advantage of allowing the operator to 
analyze the geometric properties based upon any local region 
alone even in a case of employing a monochrome sensor, as 
well as substantially the same advantages as with the first 
and second embodiment. 

Strictly, the geometric properties obtained and 
analyzed by the arrangements according to the first through 
third embodiments described above include: the geometric 
properties of the recording device; the geometric properties 
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of the recording medium; and the geometric properties of the 
image pickup apparatus. In normal cases, the geometric 
properties of the recording medium and the geometric 
properties of the image pickup apparatus are maintained 
within a generally permissible range. Accordingly , while 
description has been made regarding an arrangement wherein 
the geometric properties of the recording device are mainly 
analyzed, it is needless to say that the present invention 
is not restricted to the aforementioned arrangements. 

For example, with an arrangement wherein a test chart 
is formed by casting a laser beam on a film or a printing 
paper, it is thought that the geometric properties of the 
recording device and the geometric properties of the 
recording medium are maintained with a generally permissible 
range. Accordingly, in this case, such a geometric property 
analyzing system is used mainly for analyzing the geometric 
properties of the image pickup apparatus. Note that the 
geometric property analyzing system for analyzing such 
geometric properties may have a configuration wherein the 
chart data creating unit 10 of the PC 5 and the printer 6 
shown in Fig. 6 are omitted, for example. 

Let us say that the test chart image having such a 
layout structure is picked up by the scanner 7 including the 
image pickup unit 17 comprising a line sensor so as to 
analyze the geometric properties with the analyzing unit 11 
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of the PC 5/ whereby the analysis results are obtained as 
shown in Fig. 31(A) described above, for example. In this 
case, the operator determines that the line sensor of the 
scanner 7 is curved with the convex face facing toward the 
lower direction, and the line sensor is moved with 
detectable irregularities in the moving speed. 

Alternatively, with an arrangement wherein the 
geometric properties of the recording device and the image 
pickup apparatus are adjusted with high precision, the 
operator can determine that deviation of the geometric 
properties of the chart image thus read out indicate 
extension or distortion of the recording medium. 

As described above, the geometric property analyzing 
system may be used for analyzing the geometric properties of 
at least one of the recording device and the recording 
medium and the image pickup apparatus, or of a desired 
combination of two or more thereof. 

Now, description will be made regarding a method 
wherein the geometric properties of the recording device are 
analyzed based upon the geometric properties determined 
beforehand with respect to the image pickup apparatus . 

The geometric property analyzing system comprises: a 
recording device for recording a test chart on a recording 
medium based upon chart data created based upon the 
geometric property format; an image pickup apparatus for 
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acquiring a chart image by picking up the test chart 
recorded by the recording device; and an analyzing device 
for analyzing the geometric properties based upon the chart 
image acquired by the image pickup apparatus. 

With such a configuration, a 2 x 2 matrix P3 formed of 
a pair of independent unit vectors in the chart image which 
is to be analyzed by the analyzing device is calculated as 
follows. That is to say, the geometric properties Tl of the 
recording device, the geometric properties T2 due to the 
physical layout of the recording medium as to the image 
pickup apparatus, and the geometric properties T3 of the 
image pickup apparatus, are applied to a 2 x 2 matrix P 
formed of a pair of independent unit vectors created based 
upon the geometric property format, in that order, whereby 
P3 is obtained as represented by the following Expression 26. 

[Expression 26] 

P3 = T3 • T2 • Tl • P 

Here, each of the geometric properties Tl, T2, and T3 , 
are represented in the form of a 2 x 2 matrix. 

Note that the geometric properties Tl mainly include: 
deviation of the head (which can be deemed to be skewing of 
the head from the local perspective); the pitch of the 
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nozzles; the recording-medium-transporting pitch, as 
parameters. On the other hand, the geometric properties T2 
mainly include rotational parameters, and the geometric 
properties T3 mainly include distortion of the line sensor 
(which can be deemed to be skewing of the sensor from the 
local perspective); the sensor resolution; and the 
resolution in the transporting direction, as parameters. 

That is to say, the geometric properties includes seven 
parameters. On the other hand, the above Expression 26 
formed of the 2x2 matrix introduces only four simultaneous 
equations. Accordingly, the geometric properties Tl of the 
recording device cannot be calculated under the 
aforementioned conditions. 

Accordingly, with the present embodiment, another 
reference chart having known geometric properties Tl is 
prepared. A chart pattern formed on a film or the like by a 
laser beam printing based upon the chart data as described 
above may be employed as the reference chart, for example. 
With the 2x2 matrix formed of a pair of independent unit 
vectors obtained based upon the reference chart, being Pi, 
the following Expression 27 holds. 

[Expression 27] 



PI = Tl • P 
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Note that the geometric properties Tl is known as 
described above, and accordingly, PI is known, as well. 

Let us say that an image of the reference chart is 
picked up by the image pickup apparatus, and the analyzing 
device analyzes the geometric properties based upon the 
acquired chart image. In this case, the 2x2 matrix P3 
formed of a pair of independent unit vectors in the chart 
image which is to be analyzed is represented by the 
following Expression 28 using the above matrix PI. 

[Expression 28] 

P3 = T3 • T2 • PI 

The matrix expression includes four parameters, and 
introduces four simultaneous equations, and accordingly, the 
geometric properties T2 and T3 can be obtained under the 
conditions. 

Of these geometric properties thus obtained, change in 
the position of the recording medium on the image pickup 
apparatus leads to change in the geometric properties T2, 
i.e., the geometric properties T2 change for each analysis. 
On the other hand, the other geometric properties T3 are 
specific to the image pickup apparatus, thereby maintaining 
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the geometric properties T3 constant • Accordingly , the 
geometric properties T3 thus obtained can be used for other 
analysis • In this case, the geometric properties T3 
includes the three parameters, and accordingly, the three of 
the aforementioned seven parameters are known, thereby 
introduced four simultaneous equations including only the 
four parameters can be solved. 

That is to say, the inverse matrix T3~(-l) (the symbol 
"'(-I)" .represents an inverse matrix) for the geometric 
properties T3 thus obtained is calculated so as to be 
applied to the geometric properties P3, whereby the matrix 
P2 can be obtained, which are formed of a pair of 
independent unit vectors in the stage where the geometric 
properties Tl of the recording device and the geometric 
properties T2 which represent the physical layout of the 
recording medium on the image pickup apparatus, are applied 
to the matrix P. 

[Expression 29] 

P2 = T3~(-l) • P3 

= T3~(-l) • T3 • T2 • Tl • P = T2 • Tl • P 

The Expression 29 introduces four simultaneous 
equations including the four parameters as described above, 
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and accordingly, each of the unknown parameters can be 
calculated, thereby obtaining the geometric properties Tl of 
the recording device which are to be analyzed. 

As described above, with the present embodiment, an 
image of the reference chart is picked up in order to 
analyze the geometric properties T3 of the image pickup 
apparatus prior to a calculation of the geometric properties 
Tl of the recording device, thereby enabling high-precision 
measurement of the geometric properties Tl of the recording 
device and the geometric properties T2 which represent the 
physical layout of the recording medium on the image pickup 
apparatus . 

Fig. 38 shows a fourth embodiment of the present 
invention, and is a perspective view which shows a part of a 
configuration of the geometric property analyzing system. 
With the fourth embodiment, description will be omitted 
regarding the same components as with the first embodiment 
through third embodiment described above, and description 
will be made mainly regarding different components. 

The geometric property analyzing system according to 
the fourth embodiment has a configuration wherein a 
recording medium on which a test chart is recorded, i.e., a 
recording medium on which printing is made, is transported 
through a transporting belt. 

That is to say, the heads 30, 31, 32, and 33, and the 
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image pickup unit 17 formed of a line sensor or the like, 
are arrayed along the direction for transporting the 
recording medium 1 on which printing is made, as shown in 
Fig. 33. 

The recording medium 1 is transported through a 
transporting belt 41 formed of an endless belt. The 
transporting belt 41 also serves as a recording medium on 
which a mark group 42 formed of openings are formed 
(recorded) according to chart data. 

A vacuum mechanism 43 serving as suctioning means which 
employs a suctioning pump is mounted at a reverse side of 
the belt face on which the recording medium 1 of the 
transporting belt 41 is closely contacted. The vacuum 
mechanism 43 suctions the recording medium 1 through the 
mark group 42, which partly serves for openings, to tightly 
fix the recording medium 1 to the transporting belt 41. 
This mechanism improves recording precision on the recording 
medium 1 . 

While description has been made regarding an 
arrangement wherein the marks of the mark group 42 are 
formed of openings serving partly for air-suctioning 
openings, it is needless to say that an arrangement may be 
made wherein these marks may be recorded by printing or the 
like when the mark group 42 does not serve partly for air- 
suctioning openings. 
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While description has been made regarding an 
arrangement wherein the mark group 42 is provided to the 
transporting belt 41 for analyzing the geometric properties 
thereof , an arrangement may be made wherein each of the 
heads 30 , 31 , 32 , and 33, includes the geometric property 
format and the corresponding chart data creation/storage 
unit 37 integrally mounted thereon for storing the chart 
data created based upon the chart data, thereby allowing the 
user to print the marks on the recording medium 1 based upon 
the chart data stored in the chart data creation/storage 
units 37, whereby the test chart is created, as shown in Fig. 
38, which is partly used. 

That is to say, in many cases, the geometric properties 
of the recording device which are to be analyzed are 
dependent upon the head, and accordingly, analysis is 
preferably made for each head. With the present embodiment, 
each of the chart data creation/storage units 37 mounted on 
the heads 30, 31, 32, and 33, stores the corresponding chart 
data, thereby enabling suitable analysis for each head of 
the heads 30, 31, 32, and 33. 

With such a configuration, the chart data is not 
created on the PC, unlike the first embodiment through the 
fourth embodiment described above. Accordingly, with the 
present embodiment, the geometric property format stored in 
the chart data creation/storage unit 37 is transmitted, as 
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well as the image data at the time of analysis in the 
analyzing unit of the PC, to the analyzing unit. 

Alternatively, an arrangement may be made wherein the 
PC stores plural geometric property formats beforehand, 
determines based upon which geometric property format the 
test chart that is to be analyzed is created, and selects 
one from the geometric property formats stored in the PC 
based upon the determination results, and the geometric 
property format thus selected is used in the analyzing unit. 
In this case, the chart data creation/storage unit 37 does 
not need to store the geometric property format, and should 
store only the information which allows determination based 
upon which geometric property format the stored test chart 
is created. 

In general, replacement of the head is performed for 
each head unit, and accordingly, the chart data storage unit 
37 is replaced at the same time. Accordingly, at the time 
of mounting a new head, the optimum chart data is stored for 
the new head. 

The arrangements according to the fourth embodiment 
have a configuration wherein the transporting belt serving 
as a recording medium forms the marks which allow analysis 
of the geometric properties thereof and functions as the 
test chart, thereby having the advantage of detecting 
irregularities in transporting actions of the transporting 



- 99 - 



belt, skewing thereof, meandering thereof, and the like, 
without printing of any test chart on a recording medium 
such as a paper sheet or the like, as well as substantially 
the same advantages as with the first through third 
embodiments described above. 

Furthermore, the arrangement having a configuration 
wherein the marks serve partly for suctioning openings 
improves printing precision. 

Furthermore, the arrangement having a configuration 
wherein each head includes the chart data creation/storage 
unit mounted thereon allows the operator to easily perform a 
test with high precision after replacement of the head. 

Fig. 3 9 through Fig. 4 9 show a fifth embodiment, 
wherein Fig. 3 9 is a perspective view which shows an 
arrangement wherein the geometric property analyzing system 
according to the present invention is applied to a recording 
device having a function for printing an image in four 
colors of K, C, M, and Y. In description regarding the 
fifth embodiment , description will be omitted regarding the 
same components as with the first through fourth embodiments 
described above, and description will be made mainly 
regarding only different components . 

The recording device according to the present 
embodiment has a configuration wherein the recording medium 
1 is put on a transporting table 51 so as to be transported 
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as shown in Fig. 39, and printing is made on the recording 
medium 1 at the time when the recording medium 1 is passing 
through the positions where large head units are mounted, 
each of which has a function for recording an image in a 
predetermined color, during transporting thereof. The large 
head units for various colors respectively include: a large 
black head unit KU; a large cyan head unit CU; a large 
magenta head unit MU; and a large yellow head unit YU, 
arrayed in that order from the upstream side toward the 
downstream side in the transporting direction, wherein the 
nozzles are arrayed along the direction substantially 
orthogonal to the transporting direction. 

More specifically, each of the large head units is 
formed of six head units, wherein the large black head unit 
KU includes head units K0 through K5; the large cyan head 
unit CU includes head units CO through C5; the large magenta 
head unit MU includes head units MO through M5; and the 
large yellow head unit YU includes head units Y0 through Y5 . 

Fig. 40 is a diagram which shows an example of the 
positional relation of the black (K) heads and the cyan (C) 
heads of each of the aforementioned heads. 

As shown in the drawing, the six head units K0 through 
K5 forming the large black head unit KU are arrayed so as to 
extend along the nozzle-array direction (direction 
substantially orthogonal to the transporting direction), and 
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so as to be alternately displaced in the transporting 
direction with overlapped portions formed of parts of the 
printing regions of the heads adjacent one to another. 

Furthermore, each of these head units K0 through K5 
have a configuration wherein two heads are fixed one to 
another with phase displacement of half the pitch of the 
nozzle array for improving resolution in the same way as in 
Fig. 7. Specif ically, the head unit K0 is formed of the 
head KO-0 and the head K0-1 fixed one to another. In the 
same way, the head unit Kl is formed of the head Kl-0 and 
the head Kl-1 fixed one to another; the head unit K2 is 
formed of the head K2-0 and the head K2-1 fixed one to 
another; the head unit K3 is formed of the head K3-0 and the 
head K3-1 fixed one to another; the head unit K4 is formed 
of the head K4-0 and the head K4-1 fixed one to another; and 
the head unit K5 is formed of the head K5-0 and the head K5- 
1 fixed one to another. 

On the other hand, the large cyan head unit CU is 
formed in the same way as with the large black head unit KU. 

Furthermore, these large head units are arrayed with 
displacement in the transporting direction so as to cover 
substantially the same printing region, i.e., such that the 
positions of these large head units in the line direction 
matches one another. 

Note that the large head units for other colors have: 
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the same layout of the head units and the heads therein; and 
the same positional relation between the large head units, 
as described above. 

With such a recording device, precise measurement of 
the geometric properties (position, skew angle) of each head 
which is a part of the recording device, and precise 
adjustment of the positional relation thereof, allow more 
precise recording. Accordingly, description will be made 
regarding an adjusting method which allows high-precision 
recording, and a chart used for such adjustment. 

Fig. 41 is a diagram which shows a model of a chart 
component forming the head units K0 and CO. 

Here, the geometric property format is designed such 
that the same number of the marks KMO-0, KM0-1, CMO-0, and 
CM0-1, which are printed by the heads K0-0, K0-1, C0-0, and 
C0-1, respectively, forming the head units K0 and CO, are 
formed on each line, and each chart component formed of the 
corresponding kind of marks is arrayed in substantially the 
same region. 

In this case, the chart layout is designed so as to 
allow more high-precision detection of the positional 
relation between these heads. The layout model shown in the 
drawing is a simple example thereof, and the practical chart 
layout is designed with a suitable layout and number of the 
marks so as to allow detection of the marks without 
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interference therebetween giving consideration to the 
required precision of the geometric properties which are to 
be obtained, and the performance of the analyzing device. 

Here, description has been made regarding the geometric 
properties of the two heads within the head unit, and 
accordingly, description will be made below under the 
assumption that the head unit can be regarded as a single 
head. That is to say, description will be made regarding 
the heads KO-0 and K0-1 with the head unit K0 as a unit, for 
example. 

In this case, as shown in Fig. 41, the marks (KMO-0, 
KM0-1) printed by the head unit K0 are grouped into a chart 
component KGO. In the same way, the marks (CMO-0, CM0-1) 
printed by the head unit CO are grouped into a chart 
component CGO . 

Fig. 42 is a schematic diagram which shows structures 
KRO and CRO of the chart components KGO and CGO shown in Fig. 
41, respectively. 

In this case, the layout structure needs to be designed 
such that the marks are printed by the adjacent head units 
without interference therebetween in overlapped regions 
where printing regions of the adjacent head units may be 
overlapped one another. While various kinds of layout 
design are known, Fig. 42 shows a layout structure example 
wherein the chart component in the overlapped region for 
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each head unit is designed in the shape of a comb, and the 
comb-shaped chart components for the adjacent head units are 
arrayed so as to mesh with each other, thereby enabling 
calculation while suppressing adverse effects due to 
relatively low-frequency deviation. 

Note that the layout structure in the comb-shaped 
regions is designed giving much consideration to the 
positional relation between the chart component CGO and the 
chart component CGI (i.e., the positional relation between 
the charts in the same color printed by the adjacent head 
units CI) as compared with the positional relation between 
the chart component KGO printed by the head unit K0 and the 
chart component CGO printed by the head unit CO. 
Accordingly, while in the comb-shaped region, the marks are 
not recorded by the head unit K0, and instead the marks are 
recorded by the head unit CO with high recording density. 
Furthermore, when further improving precision of the 
measurement is needed, an arrangement may be made wherein a 
chart component is formed of only the marks forming the 
comb-shaped chart component in order to analyze the relative 
positional relation therebetween based upon the obtained 
geometric properties. 

Fig. 43 is a diagram which shows a model of the chart 
component printed by the head units Kl and CI. 

In the same way as described above, the marks KMl-0, 
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KM1-1, CM1-0, and CM1-1, are printed by the heads Kl-0, Kl-1 
Cl-0, and Cl-1, forming the head units Kl and CI. 
Furthermore, the layout structure is designed such that the 
marks are printed by the adjacent head units without 
interference therebetween in overlapped regions where 
printing regions of the adjacent head units may be 
overlapped one another. Note that the schematic structure 
of the chart component printed by the head unit Kl is 
denoted by reference character "KRl " , and the schematic 
structure of the chart component printed by the head unit CI 
is denoted by reference character "CRl", in the same way as 
shown in Fig. 42. 

Fig. 44 is a diagram which shows a test chart obtained 
by printing a chart data formed of based upon the geometric 
property format shown in Fig. 43. Fig. 44 shows a schematic 
structure of the test chart for simplification. 

As shown in the drawing, the layout structure is 
designed such that the chart components KRO and KRl are 
arrayed within a rectangular region, and the chart 
components CRO and CRl are formed in the shape of a comb, 
and the comb-shaped chart components CRO and CRl printed by 
the adjacent head units are arrayed so as to mesh with each 
other . 

The chart thus obtained allows the operator to 
calculate not only the geometric properties of each chart 
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component but also the relative positional relation between 
different colors of the head unit K0 and the head unit CO 
based upon the geometric properties in the chart component 
CRO and the geometric properties in the chart component CRO, 
and the relative positional relation between the adjacent 
heads of the head unit CO and the head unit CI based upon 
the geometric properties in the chart component CRO and the 
geometric properties of the chart component CR1 . 

Note that the chart structure is formed for other head 
units in the same way. Fig. 45 is a diagram which shows an 
overall structure of the test chart wherein the chart 
components printed by the head units adjacent one to another 
in the nozzle-array direction are arrayed so as to mesh one 
another. 

Here, KRn * (n denotes 0 through 5) denotes the 
schematic structure of the chart component having the same 
structure of the chart component CRn described above, except 
for the color of the marks of black instead of cyan. In the 
same way, the chart component MRn has the same layout 
structure except for the color of the marks of magenta 
instead of cyan, and the chart component YRn has the same 
layout structure except for the color of the marks of yellow 
instead of cyan. Note in the example shown in Fig. 45, the 
bars 50 are printed for detecting substandard printing. 

The present arrangement employs the black (K) heads as 
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reference heads. Corresponding to it, the layout structure 
is designed such that each region of the chart component 
overlaps with the region in black (K) every color for 
precise measurement of the positional relation between these 
heads . 

Such a layout structure allows chart layout design with 
small area of the chart components as compared with the 
layout structure wherein the marks printed in all kinds of 
colors are arrayed within a substantially common region 
without interference therebetween , thereby suppressing 
adverse effects due to low-frequency deviation. 

Note that while description has been made regarding an 
arrangement wherein the black (K) head is employed as a 
reference head, the reference head according to the present 
embodiment is not restricted to the black (K) head. The 
head having important properties is preferably selected as 
the reference head. For example, the head for printing an 
image in one of the colors in combination, in which images 
need to be printed with high relative-positional relation, 
may be selected as the reference head. 

As an example, description will be made regarding a 
case wherein the relative relation is important between the 
magenta (M) head and the cyan (C) head. In this case, 
analysis based upon the chart shown in Fig. 45 allows the 
operator to obtain the relation between the magenta (M) head 
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and the black (K) head, and the relation between the cyan 
(C) head and the black (K) head. Accordingly , the relation 
between the magenta (M) head and the cyan (C) head is 
indirectly calculated based upon the relations. On the 
other hand, analysis based upon the chart including a 
combination of the marks printed in magenta (M) and the 
marks printed in cyan (C), i.e., analysis wherein the 
magenta (M) head is selected as the reference head, allows 
the operator to directly calculate: the relative relation 
between the magenta (M) head and the black (K) head; the 
relative relation between the magenta (M) head and the cyan 
(C) head; and the relative relation between the magenta (M) 
head and the yellow (Y) head. That is to say, the relative 
relation between the magenta (M) head and the cyan (C) head 
is directly measured, thereby improving measurement 
precision as compared in indirect measurement. 

Furthermore, an arrangement may be made wherein the 
color of the reference head is selected giving consideration 
to the contrast between the color and the recording medium, 
or giving consideration to the sensitivity of the sensor of 
the image pickup apparatus. Furthermore, the present 
invention is not restricted to these arrangements, rather, 
the head for a suitable color is employed as the reference 
head corresponding to the object and situation. 

As described above, with the present embodiment, the 
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head having important properties is set as the reference 
head, and the geometric properties of other heads are 
measured as relative values with the reference head as a 
reference, thereby allowing the operator to easily perform 
high-precision measurement of the geometric properties. 

Note that there are many chart components printed by 
the reference heads over the entire chart, and accordingly, 
the geometric properties thereof are analyzed based upon all 
the chart components thereof. In this case, the vectors are 
preferably defined with the transporting direction as the 
reference direction thereof and with the dot pitch as the 
reference size thereof. This allows the operator to detect 
the geometric properties in a sure manner. 

Then, each head is adjusted so as to exhibit desired 
properties based upon the geometric properties of the head 
thus obtained. 

Let us say that the arrangement detects the positional 
deviation of a certain head of 150 \ua to the left, and the 
skewing thereof of 0.03° in the clockwise direction, for 
example. In this case, the head should be displaced to the 
right by 150 pm, and should be turned in the 
counterclockwise direction by 0.03°. Fig. 46 and Fig. 4 7 
show examples of adjusting mechanisms for adjusting such 
deviation. Fig. 46 is a plan view which shows an example of 
a head geometric adjusting mechanism, and Fig. 47 is a side 
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view which shows a partial cross-sectional configuration of 
the head geometric adjusting mechanism. 

As shown in Fig. 46 , a head 61 is fixed to a head base 
62, and positioning of the head base 62 is made on the 
printer main unit through a geometric adjusting mechanism. 
The geometric adjusting mechanism comprises: a horizontal- 
position adjusting mechanism for adjusting the head position 
in the horizontal direction; and a skew-angle adjusting 
mechanism for adjusting the skew angle. 

Now, description will be made regarding a configuration 
of the skew-angle adjusting mechanism with reference to Fig. 
47. 

A screwing member 64 is formed with a tapered 
circumference, and is screwed to a skew-angle adjusting 
screw 63. Furthermore, a slant face 62c is formed on one 
end 62a of the head base 62, and is pressed into contact 
with the screwing member 64 with a plate spring 65. Thus, 
the slant face of the one end 62a of the head base 62 is 
pressed into contact with the tapered face of the screwing 
member 64. 

At the time of adjustment, upon turning the skew-angle 
adjusting screw 63, the screwing member 64 is moved in the 
vertical direction. This actions move the one end 62a of 
the head base 62 along the tapered face of the screwing 
member 64 in the horizontal direction in Fig. 47. In this 
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case, the plate spring 65 provided as described above 
maintains the state wherein the one end 62a of the head base 
62 is pressed into contact with the taper face of the 
screwing member 64 in any situations wherein the operator 
drives or looses the skew-angle adjusting screw 63. 

On the other hand, the horizontal-position adjusting 
mechanism has the same configuration wherein upon turning a 
horizontal-position adjusting screw 66 , a screw member 67 
including a tapered face is moved in the vertical direction/ 
and the tapered face is pressed into contact with the slant 
face formed on the other end 62b of the head base 62 , 
thereby moving the head base 62 in the horizontal direction 
in Fig. 46. In this case, a plate spring 6 8 is provided on 
the end 62a of the head base 62 so as to press the slant 
face of the end 62b of the head base 62 toward the screw 
member 67, thereby maintaining the state wherein the slant 
face of the head base 62 is pressed into contact with the 
tapered face of the screw member 67. 

As described above, upon turning the horizontal- 
position adjusting screw 66, the head 61 fixed on the head 
base 62 is moved in the horizontal direction. On the other 
hand, upon turning the skew-angle adjusting screw 63, the 
head 61 fixed on the head base 62 is turned around the 
horizontal-position adjusting screw 66 serving as the 
turning axis. These actions allow the operator to adjust 
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the layout of the head 61. With the present embodiment, 
each head (each head unit, or each large head unit) includes 
such a geometric adjusting mechanism, thereby allowing the 
operator to perform geometric adjustment for all the heads. 

On the other hand, positional deviation in the 
transporting direction can be handled by adjusting printing 
timing. That is to say, an arrangement may be made wherein 
the detected deviation in the transporting direction is 
converted into time deviation based upon the corresponding 
transporting speed, and ink discharge timing is corrected 
based upon the time deviation. 

In addition to the above adjustment, there is the need 
to perform ink density adjustment for each head for 
improving printing quality. The ink density of each head is 
adjusted as follows. That is to say, a solid bar is printed 
by each head, the density of the printed bar is measured, 
and the voltage applied to the head is adjusted such that 
the measured density becomes a predetermined value. 

Here, let us say a case wherein skewing of the head 
unit occurs as shown in Fig. 48, which has a configuration 
wherein two heads are fixed one to another with displacement 
of half the dot pitch so as to achieve two times resolution 
as described in description of the fifth embodiment. In 
this case, the pitch of the printed dots changes 
corresponding to the skew angle. 
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Fig. 48 is a diagram for describing the dot pitch in a 
case wherein the head unit has a certain skew angle, the 
head unit having a configuration wherein two heads are fixed 
one to another with displacement of the half phase (P) of 
the array pitch (2P) of the nozzles. 

With the skew angle in the clockwise direction as 0, the 
nozzle interval of the head unit as 2P, and with the nozzle- 
array interval between two heads as d, the pitch XI and the 
pitch X2 of the dots in the direction orthogonal to the 
recording-medium-transporting direction are represented by 
the following Expression 30. 

[Expression 30] 

XI = P cos6 - d sine 
X2 = P cose + d sine 

Accordingly, in an ideal case wherein the head unit is 
mounted without skewing, the dots are printed at a uniform 
dot pitch P as shown in Fig. 49(A). However, the skewing of 
the head unit causes irregularities in the dot layout as 
shown in Fig. 49(B). Fig. 49 is a diagram which shows 
comparison between cases wherein printing is made by the 
head unit having a configuration wherein two heads are fixed 
one to another with phase displacement of half the nozzle- 
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array pitch with and cases without the skew angle. In a 
case wherein printing of a solid pattern is made in such a 
state as shown in Fig. 49(B) , low density is detected in the 
solid pattern. Accordingly, the ink density of the head is 
preferably adjusted after adjustment of the skew angle. 

On the other hand, in some cases, adjustment of the 
voltage applied to the head for adjusting the ink density 
causes change in printing timing for printing an image on a 
recording medium. Accordingly, the printing timing is 
preferably adjusted after adjustment of ink density. Note 
that in some cases, timing adjustment needs to be performed 
before printing a bar for ink-density adjustment. In this 
case, it is needless to say that an arrangement may be made 
wherein timing adjustment is performed both before and after 
the ink-density adjustment. 

With an arrangement according to the fifth embodiment 
as described above, the heads having important geometric 
properties are set as the reference heads, and the geometric 
properties of each head are measured using the chart 
components printed by the reference heads and the chart 
components printed by the other heads based upon the 
relative relation between the reference heads and the other 
heads . 

Furthermore, the geometric properties of the reference 
heads can be measured with high precision based upon the 
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chart components printed over the entire chart region. 

In this case, analysis using the reference vector with 
the size of the dot pitch and with the direction being the 
transporting direction allows the operator to perform 
measurement in a sure manner. Then, the operator adjusts 
the geometric properties of each head so as to exhibit 
predetermined properties based upon the analyzed geometric 
properties of the corresponding head, thereby improving 
printing quality. Furthermore, the adjustment procedure is 
preferably performed as follows. That is to say, first, the 
skew angle is adjusted, following which the ink density is 
adjusted, and finally, timing adjustment is preferably made. 
Adjustment performed according to such a procedure allows 
the operator to perform efficient adjustment. 

Note that the present invention is not restricted to 
the embodiments described above, rather, it is needless to 
say that various modifications and applications can be made 
without departing from the spirit and scope of the invention. 

Industrial Applicability 

As described above, a test chart, a geometric property 
analyzing system, a geometric property analyzing method, a 
printer, and an ink-jet printer, according to the present 
invention, allow the operator to easily analyze the 
geometric properties with high precision regarding at least 
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one of a recording device , a recording medium, and an image 
pickup apparatus. 



